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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLQGY »;:- 
OF DISEASE,HYGIENE AND SANITATION. oe 


ome 


prt 

May 13,1918. 4:30 p.m. | 

Met in Doctor Hunter's room in the Bureau of Entomology in 
presence of the following: 

Parber ,Passeches, BUving ,Craighead, Dietz ,Gahan,Heinrich,Hoffman, 
Kotinsky ,Pierce,Popenoe, Sasscer , Smith, Snodgrass ,Snyder,Wood. 

Doctor Pierce took the leadership to inform the class of the ob- 
ject and method of procedure by reading the memorandum prepared at 
the request and for the approval of Doctor Howard. In substance this 
is as follows: 

There is a possibility of the Army here and abroad calling upon 
the entomological proféssion to furnish, before long, a large number 
of men informed on the subject of disease transmitting insoate and the 
methods of controlling these insects. It is intended therefore by means 
of this class and through correspondence with field. men to prepare a6» 
many as are willing to undertake such work. 

Class to meet once a week (more often if conditions warrant it, 
was the sense of those present) for one hour Mondays. 


In addition to those present, the following, by signing the 


memorandum, have also enrolled in the classé 


Morrison ,Hyslop,Crawford,Caudell,Paine ,Rohwer ,ifiddleton. 

A collection of insect transmitters of disease as well as speci- 
mens of the organisms they carry and the diseases produced is to be 
formed. Contributions for this exhibit, so far 2s possible, from 
private collections is urged. 

A leader is to be chosen to give or provide for 20 minute talks 
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oe 
to be followed by discussion, all to be recorded and mimeographed for sub- 
sequent reference and use. 

On motion of Mr.Heinrich, Doctor Pierce was chosen leader. 

Mr.Kotinsky was elected secretary on motion of Mr.Sasscer. 

As a preliminary, Doctor Pierce suggested that each member of the class 
allow himself ten minutes by the watch to write down what disease bearing in- 
sects he knows, the organism carried and the disease produced. 

At 5 p.m. the class adjourned. 

By the Secretary, 


Jacob Kotinsky. 
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May 20, 1918, 4:30 p.m 


Lecture No.l. A General Survey of the Question -How Insects Can Carry 
or Cause Disease. 


By W.Dwight Pierce. 

Our nation is facing the greatest crisis in its existence. It must 
conserve its human energy and keep it at its greatest possible point of ef- 
ficiency. This means above all that questions of health are foremost today. 
Entomology bears a twofold relationship to healthe Adequate food supply up- 
on which human and animal health are contingent is dependent to a greater or 
less degree upon insect depredations. This is the side of entomology in 
which most of us have been trained, that is, agricultural entomology. We 
have all of us recognized that inséets do also bear a direct relationship 
to health but have more or less discounted the relationship, with the re- 
sult that appropriations for the study of insects affecting crops are 30 
times as great as the appropriation for the study of insects affecting the 
health of man and animals. Our course of study is to cover this almost un- 
worked field of medical entomology so that in the future we may assist in 
obtaining a better balance in the two great phases of economic entomology. 

The scope of the course embraces studies of the relationship of in- 
sects to disease, the life history of the insects which cause disease, and 
the best methods of prevention of disease causation by insects. In view of 
the great military necessities of the day, we will direct our attention pri- 
marily to the military side of the question, but we will also take a view of 
the national, municipal and domestic problems. 

In my opinion the future will see a group of professional sanitary ento- 
mologists who will give their service to solve the insect problems of munici- 
palities and communities, as well as household problems. Perhaps members of 


this class may become the leaders in that profession, Municipal entomology 
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has already been recognized in a small way by certain cities. It will be- 
come better xnown only by the work of entomologists themselves who are 
men of vision. The problems involved in entomological sanitation demand an 
intensive and specialized training which none of us received in school. If 
we would fit ourselves for such work it will demand great effort on our part. 
We have that essential knowledge of insects which must come first, but most 
of us left school before medical entomology became a recognized science. 
Granting that each of us is more or less informed on the subject of how 
insects may carry or cause disease, it stillseems advisable to attempt an 


orderly arrangement of our knowledge of the subject. 


How Insects Can Carry or Cause Disease. 


Long before any one knew of causative organisms in medicine it was 
recognized that insects might be productive of disease. We may therefore 
assume as our first category the disease actually caused by the insects them- 
selves. 

I. Diseases caused directly by insects. We must recognize for the sake of 
arrangement, all pathological conditions brought about by insects whether 
of a serious nature or not. 

1. Entomophobia. The fear of insects both harmless and harmful, is a 
common ailment, amounting in many people to an obsession. I know of a young 
lady who became so frantic over the presence of 2 huge dragon fly in the 
automobile that the attempt to catch it led to a serious accident. Many 
women become frantic at sight of large insects and I have even seen men lose 
all sense of courage in the presence of an unknown species of insect. OQb- 
viously only patient and tactful education can ever cure-such an obsession. 

2. Annoyance and worry. We have all probably experienced a sense of 


annoyance, amounting sometimes to worry, from insects. It frequently happens 
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that the annoyance increases to the point of causing acute nervous troubles, 
and it is quite conceivable might lead to insanity with certain people. An- 
imals are frequently driven frantic by insects and lose all control of them- 
selves. We may classify these different cases of insect annoyances in ac— 
cordance with the sense which perceives it and communicates its sensations 
to the brain, that is annoyances originating through sight, memory and im- 
agination, sound,smell, taste and feeling. Sight worry is initiated by the 
occurrence of unwanted insects in one's home or garden, or by their constant 
swarming about one Until patience is exhausted -and ene loses control of their 
nerves. A recently recorded case tells of a lady whose house was badly in- 
fested with book lice and who was fast becoming a nervous wreck when ento- 
mological service was sought and the house freed of its pests. The constant 
moving of streams of ants across a floor, the sight of bed bugs or fleas, 
and many other common occurrences may cause a nervous person great perturba- 
tion. Memory and imagination worry may be exemplified by the person impress- 
ed by anti-house fly propaganda whose imagination sees on every fly multi- 
tudes of fatal disease germs. A person once injured by an insect will of- 
ten experience acute revulsions of feeling on sight of anotner similar in- 
sect. Sound worry such as that induced by the singing of mosquitoes or the 
buzzing of horse flies will often lead to insomnia and in the cases of ani- 
mals will cause great uneasiness. Smell annoyance or worry from insects 
often takes the form of great embarrassment. A few years ago in Dallas, 
Calosoma beetles were so numerous that people walking on the streets fre- 
quently would have one alight on them and in brushing the beetle off would 
cause it to expel a auftictent quantity of liquid to make the person's pres- 
ence undesirable in polite society. Many people are so sensitive to oad bug 


odors that when they sleep in infested rooms are constantly aware of the odor 
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and are possessed of a fear that they will be attacked by the bugs. Taste 
annoyance is often caused by eating berries containing bugs or which bugs 
have depredated. This may often cause nausea. Finally there is the worry 
arpuasd by contact of insects, the tingling sensation from insects crawling 
on the body, the peppery sting of gnats and mosquitoes, the itching sensa- 
tionsfrom vermin. Insomnia is a frequent result of such attacks. 

We may have thus as results of insect annoyances, worry,nervous ex- 
haustion, excitability, halucinations, frenzy ,insanity ,nausea ,insomnia and 
nervoUs chills. 

3. Accidental injury to sense organs. There are numerous cases on 
record of insects accidentally obtaining access to the ear or nose and 
causing a stoppage of tnese organs, or of insects flying into the eyes 
causing severe ipeitation or even blindness. Certain species of gnats are 
especially annoying when there is any kind of catarrhal affection of these 
organs. Myriapods have frequently been recorded entering the nose. 

4. Poisoning. Insects and the related arthropods may poison in 4 
variety of ways. The bite of the tick, flea ,spider ,mosquito ,horse fly,etc., 
may cause a severe local irritation and poisoning. The poisonous centipedes 
have a poison sac opening on the front pair of legs. The scorpion stings 
with the tip of its tail. The bee, wasp and ant sting with the ovipositor. 
Many of these injuries are very painful. Oertain lepidopterous larvae are 
provided with barbed hairs which contain poisonous secretions, as the orown 
tail moth larva. Some insects emit poisonous secretions which blister. 
Some of the South American honey bees store poisonous honey. 

5. Parabysis. The bite of several species of ticks causes a paraly- 
sis which often results in death. Some ants, bees and wasps inflict such 


a poisonous sting that temporary paralysis of the limb follows. 
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6. Dermatosis. Direct attack upon the body of men and animals and 
parasitism therein is not unusual. We have as striking examples the derma- 
toses caused by lice, by the chigoe, the red vug, the Dermetobia hominis, 
creeping worms, scab and itch mites. Many of these attacks have serious 
after results, as for instance an acute attack by the chigoe may result in 
ainhum, the loss of a toe or a foot. Many secondary diseases obtain access 
to the body through the skin attack of the insect. 


7.  Myiasis and similar internal attacks. Under this heading are to 





be considered those cases of insects breeding in the internal organs of the 
body. Insects have been recorded breeding in all of the organs of the head, 
in the intestinal canal, the reproductive organs and the body wall. When 

the insect is a fly the disease is called Myiasis. And when a beetle is the 
cause af the disease is called canthariasis, and if lepidopterous larvae is 
responsible it is known as scholeciasis. Many species of flies have been re- 
corded as breeding in the human body. These will be studied in detail in a 
later lesson 

II. Diseases carried by insects. The manner in which insects may carry 
disease are very diverse, due to the great differences not only in the habits 
of the insects, but also of the organisms and the hosts. 

1. Diseases carried by insects to food. When insects carry disease 
germs to food or water we speak of the transmission as contaminative. Con- 
taminative transmission of disease organisms to food by insects is naturally 
the simplest manner of a eevand sslont This is necessarily done by insects 
which frequent excretionary substances and also visit foods, such as certain 
flies,ants, roaches, and beetles. It is obvious that we must look upon all 


insects which breed in fdcal matter, sputum, etc., as potential disease 
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carriers. Considerable research has already been conducted to prove the 
actual role of many species of coprophagous insects. The role of the car- 
riermay either be mechanical or biological. 
Two large groups of disease organisms are transmitted by insects 

which exercise apparently only a mechanical role. These are bacteria and 
certain parasitic worms. Many of the bacteria may be taken up by fly and 
beetle larvae, and by adult flies, beetles, roaches and ants and carried 
on the body or ingested and pass through the body and out in the feces without 
modification or multiplication. A number of species of parasitic worms my 
be taken up in the egg stage by insects and deposited in the insect's 
feces. 

Other organisms which are carried by insects to food pass part of 
their life history in the insects. Such are many of the nematodes in- 
gested by coprophagous insects and later eaten by mammals. 


2. Diseases carried by insects +o wounds. We can make the same divis- 








ion of these diseases into mechanical and biological carriage. ‘The trans- 
mission of anthrax, leprosy, ophthalmia, and such diseases from sore to 
sore or from excreta to sore is purely mechanical. When the organism 
passes part of its life cycle in the insect we might call the transmission 
biological. As examples of such types of transmission we may cite provab- 
ly European relapsing pevr and trench fever, louse borne qimesaee which 
gain access to the body by scratching in fragments of the lice or their 


excretae 


3. Disease gaining access through direct attack of insect. Most of 


the protozoal diseases and some of the parasitic worms gain access to the 
body of the vertebrate host by direct inoculation or indirectly at the time 


of feeding when the organism is taken up by the insect and passes its 
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development in the insect body and finally reappears in the salivary or 
some other position adjoining the mouth parts the inoculation occurs dur- 
ing the blood feast. Such is the inoculation of malaria, yellow fever. 
Rocky Mountain spotted fever. But other disease organisms pass through the 
intestinal canal of the insect and out of the feces and yet obtain access 
to the wound by being washed into it by body secretions of the insect as is 
the case of the organism of African relapsing fever inoculated by the tick 


Ornithodoros moubata.e 





WHY IT IS NECESSARY TO KNOW HOW INSECTS CARRY DISEASE. 





In the foregoing discussion I have attempted to analyze the methods by 
which insects can cause or carry disease. This class is studying the subject 
from the practical side of the question. We must know the why and the where- 
fore and the what to do. 

Without a conception of the role of the insect we cannot give sufficient 
force to our arguments or reasons for taking a particular course of action. 
For instance if we were merely to go before the inhabitants of a Montana 
valley suffering from Rocky Mountain spotted fever and say we are going to 
put down this epidemic, you must dip your horses and trap all the rabbits 
and rodents on your place, what kind of an answer would we get? If we had 
stepped into New Orleans on the announcement of a plague case and ordered 
everybody to rat-proof their cellars, without further reason, we would have 
been driven away. 

If any of you becomé Army sanitary officers and report to your superior 
that a certain thing mist be done, requiring a considerable outlay of money 
and a good many men, you must be able to give him a strong ferceful argument 


to prove that you are right. Army officers want orief answers. You must 
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have your information on the tip of your tongue. 

You have seen by the discussion that the bites of insects must be 
avoided. It is a big proposition to prevent: the biting of thousands of 
men by blood sucking insects. To do this you must immediately set about 


to learn the blood sucking fauna about you. Without a knowledge of how 


mosquitoes, horse flies,bed bugs, lice, stable flies, gnats and ticks 
breed fou can scarcely proceed to prevent their breeding and consequently 
cannot protect the men from bités. 

You must prevent, insects from coming in contact with wounds. You 
must keep food untouched by anything in the form of insect life. Insects 
must not be tolerated in dwellings, no matter whether there is evidence 
against them or not. There is evidence against most of them. 

The animals must likewise be kept as free as possible from insects. 
Pris day we will recognize that stables should be as well proofed against 
flies as dwellings are now. There are more inducements for flies and other 
noxious insects around a stable than anywhere else, and the stable is 
therefore the direct or indirect source of many of our troubles, The 
measures necessary for holding down insect infestation of stable and barn 
yerds are therefore of primary importance. But to emphasize this import- 
ance there must be back of every measure taken or recommended an argument 


in the form of a proof of damger if the measure is not carried out. 


As all of the subjects briefly touched upon in this lecture will be 
studied more fully in later meetings, I will merely present for your use 


a tabulation of the points mentioned with a few striking examples of each. 


How insects can carry disease. 
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Diseases caused directly by insects. 


l. 
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6. 


7. 


Entomophobia. Fear of any form of insect life. 
Annoyance and worry originating through, 


Ae 


rs 


Sight-resulting in nervous troubles. 

aehs Repugnant insect forms-grotesque worms,walking sticks,etc. 

a.2. Insects in the house-ants - bedbugs-roaches. 

a«3. Insects in the garden -potato beetles-lice. 

ae4. Insects swarming-termites,flights of leaf hoppers,beetles etc. 

Memory and imagination-resulting in halucinations,revulsions,etc. 

bel Memory of some accident or unpleasantness due to insects. 

b.2 Imagination of disease carriage which may cause nausea, 
insane fear or anger. 

Sound - resulting in insomnia. 

Cel. Humming or buzzing of insects. 

Smell - resulting in embarrassment or nausea. 

d.l. The odors of Cakosoma, Cimex,other bugs and beetles. 

Taste - resulting in nausea. 

el. Eating insects infesting food. 

e.2 Eating foods polluted by excretions of odoriferous insects. 

Contact ~ resulting in nervous itching, tingling ,insomnia. 

f.l. Crawling of fleas and bugs on the body. 

f.2. Torment from bites of enats and mosquitoes. 











Accidental injury to sense organs resulting often in surgical operations. 

a. Injury to eyes - gnats flying in, ants crawling in during sleep. 

b. Injury to ear, gnats flying in, ants crawling in during sleep. 

c. Injury to nose, gnats flying in, ants crawling in during sleep. 

Poisoning - resulting in rash, sometimes death. 

ae Poisonous bite (sometimes fatal),ticks,fleas,spiders ,mosquitoes, 
horse flies,beetles. 

b. Poisonous glands on feet -centipedes have poison sac on first pair 
of legs. 

¢. Poisonous stinging tail-scorpion. 

d. Poisonous ovipositor-bees ,wasps,ants. 

e. Poisonous hairs -brown tail moth,larvae LagoBR caterpillats, 
Hyperchiriagio worms. 

f. Poisonous secretions -meloid beetles. 

g- Poisonous honey (sometimes fatal) certain South American Trigona. 

Paralysis. 

a, Caused by bite of ticks (often fatal)-Dermacentor.venustus or 
andersoni, certain species of African or Australian ticks. 

be Caused by sting - the ant Pogonomyrmex barbatus. 

Dermatosis. 

a. Burrowing in by chigoe somtimes causing ainhum. 

b. Dermatitis-caused by red bugs (Trombidium irritans). 

c. Scab and itch mites -Psoroptes, Demodex,Sarcoptes. 

d. Bots, creeping worms,Gastrophilus ,Oestrus,Dermatobia hominis. 

e. Dermal myiasis -blow flies,Calliphora, Sarcophaga, Lucilia. 

Internal attacks. 

a. Myiasis - attacks by fly larvae \alliphors Sarcophaga, 


ael. Otomyiasis -attack in the ear. 
bel. Vaginomyiasis-attack in the vagina. 

c.l. Gastro-intestinal myiasis-attack in the intestinal canal. 
del. Cephalomyiasis-attack in the interior of the head. 
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b. Scholeciasis-accidental ingéstion of lepidopterous larvae - 
Such as the cabbage caterpillar ,Pieris brassicae, 

ce Canthariasis-accidental ingestion of beetle larvae, as 
Blaps mortisaga, Nitidula bipustulata, etc. 


II. Diseases carried by insects 


a. Carried to food, 
ae Mechanical carriage, 
ael. From sputum -tuberculosis bacillus carried by house fly. 
bel. From excreta-typhoid fever bacillus carried by house fly- 
hookworm eggs carried by the house fly. 
be Biological carriage, 
ael. From excreta-the beetle Aphodius castaneus takes up 
the eggs of the pig worm Arduenna Strongvlina, and the 
worm develops to a certain stage when it is taken up 
by the pig in eating the beetle, 
2 Carried to wounds, 
a» Mechanical carriage. 
ael. From carcasses-anthrax bacillus carried by blow flies. 
bel. From wounds, ~leprosy bacillus carried by flies. 
Hy be Biological carriage, 
a.1. Trench fever-enters the body by being scratched into the 
flesh in louse excreta or bodies. 
3. Gaining access by direct attack. 
a. Direct inoculation (many examples), 
| @el. Malaria germs inoculated by mosquitoes (Anopheles spp.) 
| a.2.- Rocky Mountain spotted fever virus inoculated by 
Dermacentor venustus. 





&.3- Bubonic plague bacillus inoculated by rat fleas, 
b. Indirect inoculation. 
asl. The Spiroschaudinnia Duttoni organism of African rebapsing 
fever is washed into the punctures by a coxal fluid. 








ASSIGNMENT, 

We will make a survey of unsanitary entomological conditions in our owm 
home vicinity. A map of the District will be kept in the office and all req 
ports of bad breeding places of flies or mosquitoes etc., will be marked ac- 
cording to the species reported. If you do not know the species, put the 


Jarvae in a small breeding jar and carry them to maturity saving cast skins when 





| possible, If you find any especially bad entomological conditions, write a 
brief report. Bed bugs, fleas, roaches,lice flies and mosquitoes should be 


reported, 
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If any of the men have boats I would like to have them look into the 
mosquito possibilities in the inlets along the river near the camps with 
a view to suggesting a possible means of handling the mosquitoes after 


the vegetation gets thick. Are any mosquitoes breeding there now? 
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PROCEEDINGS OF THE CLASS FORMED TO STU 
THE ENTOMOLOGY OF DISEASE, HYGIENE AND SANITA 


May 20, 1918, Aio0 Dells 


The second session of the class in Entomology of Disease, Hygiene 
and Sanitation was held in Doctor Hunter's office. Doctor Howard's ap- 
proval made the session possible at the above hour. The following mem- 
bers attended: H.S.Parber, 0.H.Basseches, A.Béving, T.C.Craighead, A.N. 
Caudell, H.F,Dietz, E.,H.Dusham, A.B,Gahan, Carl Heinrich, W.A.Hoffman, 
J,Kotinsky, W.M.Meann, Miss M.L.Moles, W.Middleton, H.Morrison, J.A.Nelson, 
C.H.Popenoe, W.D.Pierce, Miss E.S.Reed, S.A.Rohwer, H.L.Sanford, E.R. 
Sasscer, J.D. Smith, R.E,Snodgrass, T.E.Snyder, A.T.Speare, M.Swartzell, 
C.A,Weigel, G.F.White, W.B.Wood. Mr.Paine wrote to the secretary regret- 
ting unavoidable absence, 

Ten minutes was allowed for the assignment to those who failed to do 
so in advance. 

Doctor Pierce, the leader, read a lecture entitled: "A General Survey 
of the Question, How Insects Can Carry or Cause Disease", which lasted ex- 
actly twenty minutes, 

Mr. Craighead then read the report on a visit to Camp Humphreys sum- 
marized as follows: 

On May 14, Doctor Pierce, Messrs.Middleton and Craighead visited Camp 
A.A.Humphreys as guests of Major Lund and Lieut,Gibson. Lieut.Gibson is in 


charge of all entomological questions concerned with the sanitary problems 


‘of the camp. He escorted the visitors over nearly the entire camp grounds 


and explained the sanitation work in detail, 


Due to the location of the camp which is surrounded by swamp and dis- 





) 


. 





w= 


. 
oe 
ea 
Bust 
He 
ed 
. ‘ 





Me 


mn 


. - 
+ 
> 
ale 
; : 
Pe ks 
Nout 
+ ye 
> gare . 
’ 
od 
as 
Le | 


as 
’ 


a 


' 
ee 
na 
Ae 
ee 
’ 
cs 
> 
” 
UT, 
. 
. 
ee 
a 


ames 








=a eo 





sected by many water bearing ravines the mosquito control will be one of 
the most important probléms, The disposal of garbage and manure and the 
installation of the water supply and sewage systems were discussed. 


entomological 
The visitors were very much impressed with the enormity of the probiems 
. J 





and the excellent manner in which Lieut. Gibson is meeting them. Lieut. 
Gibson stated that up to date there have been no louse troubles among the 
troops, but they were prepared to meet them, 

By way of comment on this report, Mr.Wood related the complaint of a 
contractor of Camp Humphreys that he was unable to retain men longer than 
@ week on account of the prevalence of lice. The fact that the military 


camp commandant did not have sufficient authority over the civilian workers 





or the teams used by them was commented on, 

The leader urged boat owners to make observations on mosquitoes breed- 
ing in streams. He also read a letter from Sergt. R.C.Shannon, formerly 
of the Bureau, now at Camp Meade, in which the problems of waste disposal 


and the presence of flies, mosquitoes and Simulium at the camp are referred 





to. This led to remarks by Messrs.RParber, Heinrich, and others on the 
| breeding places of Simulium. Mr. Barber reported captures of Simulium on 
the Smithsonian grounds, 

The leader announced the assignment for next week: Survey of insect 
breeding insanitary conditions within reasonable radius of respective homes, 
Doctor Passeches, in this connection, called attention to mosquitoes breed- 


ing in the grounds of the Bureau. Also sarcophagids in dead rat found on 











the premises, 
Mr, Snodgrass made inquiry regarding District of Columbia sanitation 
laws referring to insects and was assigned by the leader to look up the sub- 


ject for the class. 
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of current literature: 


r. Kotinsky was assigned the review of the paper on Dengue fever in 


Mr, Middleton, a paper on flies and putrefaction. 


7 _ Assembly adjourned at 4:30, 
Z , Jacob Kotinsky, 


Secretary. 
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May 27,1918. 


Lecture 2, A GENERAL SURVEY OF THE SERIOUSNESS OF INSECT BORNE 
DISEASES TO THE ARMIES. 


W.Dwight Pierce. 


As our course of study is directed primarily toward obtaining a thorough 
knowledge of the relations of insects to disease of armies, and the measures 
which must be taken to prevent these diseases it is eminently proper for us 
to take still another general survey before coming down to detailed studies 
of the various probléms. Today's review will be on the practical side of the 
question. Let us endeavor to ascertain how serious insect transmitted dis- 
eases really are to armies, 

Before we take up any specific diseases we may spend a little time in 
attempting to picture an army camp. The discussion immediately falls into 
two very distinct lines. We will first take up the army training and con- 
centration camps, and second the active service camps and batthke conditions. 

Before the location of the average training camp we may assume that it 
was possible to deliverate more or less on thé desirability of one or more 
sites and that in a general way drinking water and general health condi- 
tions were considered. Not infrequently some other consideration will out- 
weigh sanitation, as when it is considered essential to place a camp near a 
certain city or on a certain waterway or railway. In such cases of exped- 
iency we are quite likely to find sanitation a serious problem from the out- 
SOt. 

The camp site is selected because of some important reason. From an 
entomologists view point a number of outstanding questions immediately arise 


as to this site. Is the ground open or wooded, level or sloping and well 
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why t= al 
drained? Are there water holes, running streams or swamps in the camp 
area or near-by? Are there farm houses,stables,or other buildings on the 
Site and what is the entomological situation in these buildings? What 
disease carrying insects are naturally breeding about the camp site? If 
there has been any contagious disease of man or animals in the community 
before the camp was located the entomologist's concern is the greater. He 
should if possible learn the focus of that disease and the insect condi- 
tions of that focus. The original health conditions on the site may hate 
a distinct bearing on later events. 

The first arrivals at the camp site are contractors with multitudes of 
laborers and animals collected from everywhere, and from every stratum of 
society. There are few hygienic arrangements for these men, in fact, the 
contractors are aiming to obtain as large profits as possible,and therefore 
hold down the expenses for sanitary waste disposal. These laborers are al- 
most certain to bring lice and bed bugs and probably fleas, possibly also 
scabies mites, on their bodies and clothes, Thrown together indiscpiminate- 
ly in hastily constructed barracks there is soon a general distribution of 
vermin, Their animals are quite likely to be infected with scabies mites 
and possibly other mites, with bots and ticks. The undisciplined assembling 
of many animals and carelessness about manure disposal offers great at- 
tractiveness to all flies and insects attracted by animals. It is probable 
that many dogs accompanyxngy the laborers and contribute their quota of 
fleas. It is almost impossible with crude uneducated laboring men to get 
them to observe sanitary conditions. Indiscriminate defecation, the’ scat- 
tering of garbage, the accumulation of manure, personal uncleanliness all 
contribute to make the contractor camps sanitary sore spots. 


Sooner or later the sanitarians arrive on the spot and very likely wita 
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a squad or company of raw untrained labor troops and the clean-up begins. 
We can dence a constant lack of coordination however between the military 
and the civilian. As for example at Camp A.A.Humphreys the sanitary offi- 
cers had constructed drainage ditches to carry off surplus standing water, 
but the laborers persisted in throwing scraps of wood, underbrush and wasté 
into the ditches so that they were of no avail, or rather so that they form- 
ed traps for water pools. As another example we 

REXKKLP CL LOMO ERE Ber mrixie/ have the report of Lieut.Gibson that lice had 
not been found among the men but, on the contrary, the statement quoted by 
Mr.Wood that in some of the construction camps the lice were very bad, 
causing many laborers to quit. It was very easy to see the contrast beé- 
tween the stables of the contractors and the stables of the army close by 
each other. Of course the army sanitarians have supervision over these 
civilian camps, but they find difficulty in enforcing sanitation. When 

a camp is placed like Camp Humphreys on a tongue of land between two shal- 
low bays of water that are known to fill up with vegetation and which fur- 
nish breeding places for millions of mosquitoes, and with typical swamp 
lands at the heads of these bays, we may readily see that the task of the 
sanitary officer is not an easy one. These bays are moreover at tidal lev- 
e}and the daily fluctuations of the water add complications to the drainage 
problem. 

From the foregoing it may be seen that the stage is set in an army 
camp for sanitary troubles even before the troops arrives. 

The tremendous speed of construction and the rapid arrivals of fresh 
contingents of troops and animals make the first months of the entomologi- 
cal sanitarian very busy ones. Common sense is one of the primary essen- 
tials in meeting the exigencies of the situation. The possibility of mos- 


quito breeding must be kept at a minimum in spite of temporary drainage, 








=DO0= 
multitudes of barrow bits, tree stumps, fire-water barrels, etc. A system 
of manure, Barbage,refuse and fecal disposal must be hastily devised and 
must keep pace with the increasing numbers of men and animals. Army camps 
in the war grow in such marvelous proportionstthat past experiences are of 
little avail. The man on the ground must be well grounded in the principles 
of entomological sanitation and must use his judgment for all it is worth, 

The constant accessions in troops and raw recruits call for constant 
scouting and prophylaxis to prevent admission of vermin. The work against 
vermin almost necessitates a specialist to take care of it alone. In fact 
it were best if three entomological specialists were located in each camp, 
one looking after the suppression of water and moist earth breeding insects, 

one looking after the suppression of fecal, waste and manure breeding in- 
sects, and the third handling the vermin of the person and the barracks. 

So serious is the vermin problem that elaborate measures have to be 
taken to combat it. The Germans have developed great vacuum tubes that 
will contain an entire railroad coach. The French and other nations have 
bath trains sufficient to handle the cleansing of thousands of men a day. 
The Russians and Roumanians developed sod heating houses for heat sterili- 
zation of clothing, Heat and steam sterilizing plants of many types have 
been devised. A tremendous amount of experimentation has been directed 
toward chemical cleansing of the clothing. The destruction of waste is 
also such an acute problem that many types of incinerators nave resulted. 
Out of the mass of evidence which will accumulate on these impromptu dé- 
vices probably certain standardized methods will ultimately be developed. 

There is one peculiarity about military encampments which is decidedly 
bad from thé standpoint of sanitation but which is probably dictated by other 


contingencies. This is the custom of grouping the barracks around the 
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parade ground and then placing each company's stables behind its own bar- 
racks. The result is that the camp is surrounded by a belt of foul smell- 
ing insect attracting stables. If in certain camps there is no especial 
reason for the proximity of the stables to the barracks, it would be a much 
Rater practice to separate the stables some distance from the barracks. 

At Camp Humphreys the Hospital is located outside the ring of stables, but 
not far from then. 

As a camp becomes permanently organized the sewage system does away 
with early difficulties. Permanent incinerators, well kept drainage sys- 
tems, organized removal of the manure by the quartermasters department, 
systematic inspection of quarters and grounds and systematic bathing and 
cleansing of clothing characterize the perfectly adjusted sanitation of a 
permanent camp 

The actively engaged army howéver presents entirely different condi- 
tions. There is no possibility of developing sewage, but temporary latrines 
must be substituted. Manure and garbage cannot vofarmed out to contract- 

by 
ors but must be disposed of/hastily built incinerators or the manure stack- 
ed And treated to kill flies. Ditches and standing water can not be drain- 
ed. They must be treated to kill insect life in them. Temporary hospitals 


abound and must be protected from flies and vermin. The men sleep out of 


. a : . > L a ms U 
doors or in scanty shelters, often in pig pens, barns, etc. Insect infesta- 


tion in these must be reduced to a minimum. When lice abound ,hastily con- 
structed heating huts must be put up or the clothing treated by chemicals. 
The trenches and dugouts have to be sprayed with creosote oils to keep away 
flies and kill vermin. Terrible stenches arise from dead bodies and these 


must be buried or treated to prevent fly breeding. In other words every- 


thing here must be done hastily but effectively, for tomorrow the work may 
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have to be done all over somewhere beyond or behind. The @arger the body 
of men assembled and the greater thé carnage the worse are the diseases 
of all kinds and especially those carried by insects. 

In the present war the greatest diseases are those borne by lice. In 
fact there is plenty of evidence that louse borne diseases have been among 
the worst in many wars of the past. Three serious diseases ravaging the 
trenches are carried only by lice -typhus fever, trench fever and relapsing 


recurrentis). Millions of the servian nation were wiped out by typhus fever. 
The Roumanian nation 2 year ago was swept by typhus and relapsing fever. 
Russia, Germany, Austria and France have suffered terribly from these louse 
borne diseases. Trenth fever has spread back from the trenches into the 
cities. And yet all of these diseases can be controlled absolutely by sup- 
pressing the lice. It is easy to see how serious it is if a case of any of 
these diseases enters the trenches. The lice spread from man to man, and 
they are noted for leaving 2 man with feverish conditions for a normal man. 

Another disease which is especially bothersome in the trenches is 
scabies. Both horses and man are seriously afflicted with this mite dis- 
ease, and special veterinary hospitals have been constructed Solely for 
handling horse scabies. 

In mlarious countries where mosquitoes are breeding in great numbers, 
malaria is a very serious camp and army problem. Campaigns in tropical 
countries are endangered often also by yellow fever, dengue and filariasis, 
which are also mosquito borne diseases. 

The troops engaged in Asia and some parts of the Mediterranean littoral 
have had to contend with the possibilities of plague outoreeaks. Troops en- 
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gaged in the African campaigns have had to deal with trypanosome ana spiro 
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chaete disease. 


Aléng the Mediterranean littoral papataci fever and trop- 
ical sore enter the arena of insect borne diseases especially needing to te 
guarded against. 

You are all familiar with the disaster of our Spanish American w~* 1. 
which so many thousands were carried away by typhoid fever, dysentery and 
diarrhea, all fly borne diseases. In the present war, to these must be 
added Asiatic cholera also borne by the fly 

- The great quantity of cargasses on the battle field gives rise to 
myriads of flesh and carrion flies and as a consequence of the habit of 
these flies of attacking wounds of living people, taere have been many cases 
of human as well as animal anthrax. 

These are only the more important army diseases carried by insects. 

One of the greatest dangers to troops in active service lies in their moving 
snto countries with obscure or little studied diseases, or diseases against 
which the men have had no chance to develop 4mmunity. As for example a de- 
tachment of the British Army in Egypt was suddenly attacked by an outbreak 


fever : ' oo 
of papatasii/ In British Hast AfBica the troops were affected by relapsing 
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fever. 
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Read up the literature available to you on the housefly especialiy 
Farmers’ bulletin 851, also Department bulletin 14, 131,200,408. ? 

Obtain a copy of Circular 61, Office of the Secretary if you ae not 
already haze it. 

Write out answers to the following and return by June 10, 

1. In army remount stations where the animals on the picket line have 
tramped the earth into a soft, manure and urine filled condition enabling 
flies to breed, what treatment would you suggest? 

2. If a farmer has a contract for any garbage to be fed to his hogs 
what measures would you advise to prevent fly breeding? 

3, What would you do to prevent flies from coming in contact with milk 
in a dairy during the milking time? 

4, Can you find in the literature any reference to a repellent for 


application to milk cattle which will not taint the milk? 
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PROCEEDINGS OF THE CLASS FORMED TO STU 
THE ENTOMOLOGY OF DISEASE, HYGIENE AND SANITAT 


cenit ie 


May 27, 1918. 3730 Pelle 

The third session of the class was held in Doctor Hunter's office in 
presence of the following: Basseches, Réving, Caudell, Dietz, 
Dusham, Gahan, Ginsburg, Heinrich, Hoffman, Kotinsky, Mann, Middleton, 
Moles, Morrison, Nelson, Paine, Perrine, Pierce, Reed, St.George, Sanford, 
Sasscer, Smith, Snodgrass, Snyder, Swartzell, Weigel, Whitcomos, White, 
Wood. 30 in all. 

Dr. Pierce, the leader, opened the seasion by reading lecture No.2, 
entitled: "A General Survey of the Seriousness of Insect Borne Diseases 
to the Army". 

At the conclusion of the lecture the leader called attention to the 
assignment for June 10 given on page 24, 

In review of current literature on pertinent subjects, Mr Middleton 
read his abstract of a paper on prevention of flies and putrefaction by 
Foreman and GrahamaSmith, in which the general utility of coal tar creosote 
oils is pointed ovt. Dr.Pierce called special attention to the desirability 

an ; 
conveyed to him by /army sanitarian of discovering a single substance o2 
wimple application and extensive usefulness. The crecsoting system des- 
cribed in this paper partakes of that nature in that it kills flies and ar- 
rests putrefaction at the same time. 

Mr .Kotinsky reviewed a paper on “Dengue in Australia" oy Cleland and 
Bradley, in which the authors claimed to have established that Stegomyia. 
fasciata, now known as Aedes argenteus_Poirret, transmits Dengue fevers 
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They base their claims on the fact that (1) the distribution of the two 
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coincides and (2) that such mosquitoes fed up on patients in 4 cases out 
of 7 inoculated persons they bit who wer > known to have been free from it. 
Culex fatigans, the other common household mosquito in Australia failed to 
do so in the similar experiments performed with it. Incidentally, Mr. 
Kotinsky related that Dengue is prevalent in Hawaii where Aedes argenteus 
does not occur. 

The leader conducted the following short quiz. Correspondents who re- 
ceive this will please s&t down immediately with pencil and paper and ans~- 
wer the questions without looking up answers and mail to the secretary. 
Head the sheet, "Answers to class quiz questions." 

1. How can the house fly transmit disease? 

2. What types of disease are transmitted by the house fly? 

3, What kind of an insect carries tertian malaria? 

4, How can you distinguish in general a malaria carrying insect 
from other related genera? 

5. Is the transmission of malaria mechanical? 

6, Where does the house fly breed? 

7. How is yellow fever transmitted? 

8, How is trench fever transmitted? 

9, How is typhoid fever transmitted? 

10. What disease is produced by the swallowing of live Dipterous 
larvas or eggs? 

The quiz and result shows that we must read up on the subject, particu- 
larly the lectures; evidently what our chosen leader expects us tO dOs 

Numerous copies of thé Proceedings and lecture of preceding gession 
with assignment attached were distributed to those present before adjourn- 
ment at 5 Pelm. 

Members are urged to glance over the list of those present at meetings 
to insure correct registry; also not to fail to register in course of session. 

When assigned a Review of Literature, please boil down to a minimum 


and leave with the secretary before the conclusion of the meeting for insert 


in the proceedings. 
Jacon Kotinsky, Secretary. 
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June 3, 1918. 


Lecture 3. LOUSE BORNE DISEASES, 


The insects of the order Anoplura or Siphunculata, commonly called 
sucking lice or vermin, and cf the order Mallophaga, called titing lice, 
are responsible for several very serious diseases of man and animals. In 
view of the fact that they are primarily responsible for at least three of 
the most important army diseases of this war, we are studying them ahead of 
the house fly, often rated as the greatest scourge of mankind. The louse 
problem 4s not so well known as those of the fly and mosquito and conse- 


quently it is advisa-le for us to become familiar with it first. 


a ———— Soe aa 


The attack of lice on the body is in itself exceedingly annoying and 


leads to a great deal of itching and scratching. The attack by the body 


ew re ee 


louse, Pediculus corporis DeGeer, or as it is now known by Nuttall (1917), 
Pediculus, humanus var. corporis, is known as pediculosis corprois. The at- 


tack by the head louse, Pedicutus humanus Linnaeus, commonly known as 


or 


capitis DeGeer is called pediculosis capitis. Attack by the pubic louse, 
Phthirus pubis, Linnaeus, is knowm as phthiriasis. 


Skin diseases. The bites of these lice produce minute haemorrhagic 


spots which are accompanied by more or less urticaria, the itching leading 


to scratching. In tramps, chronic drunkards and vagabonds who nave harbored 


lice for many years, the skin over the areas most frequently bitten becomes 


rough, hardaned and deeply pigmented, a condition known as morbus errorum 


or vagabond's disease. This skin pigmentation, also called melanodermia, 


may extend to the mucous membranes, being visible in the mouth and is some- 


times confused with Addison's disease (Nuttall 1917). 
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Among the results of infection according to Nuttall (1917) are var- 
ious forms of dermatitis, such as gurigo senilis, urticaria, eczema, por- 
rigo, and pustular dermatitis. The urticaria and eczem, are probably due 
directly to the lice themselves and their secretions. Peacock has found 
louse rash distressingly common among the British troops. Various authors 
have claimed that the lice sometimes burrow under the epidermis forming SO- 
called “covered louse-ulcers", which on opening liberate many lice. 
Railliet has seen Haematopinus form real subepidermal nests in an old horses 
As results of eczema or pustular dermatitis of the scalp the exudations of 
the skin lead to formation of scabs and crusts in the hair especially at 
the nape of the neck, and this condition has been called plica pollonica 
because it is so frequently observed among the poor Jewish population of 
Poland. (Nuttall 1917). 

Eezema. The scratching of the wounds is quite likely to lead to ser-~ 


— or ee ae 


sous infections. Dewevre in 1892 proved that the head lice can convey im- 





petigo contagiosa by removing lice from impetigo cases and placing them on 
the heads of healthy children who some days later developed the disease. 
This claim has been supported by various authors. Aubert in 1879 claimed 
that lice spread impetigo, favus, pityriasis, etc. MacGregor (1917) re- 


cords Diplococcus pemphigi contagiosi Manson, the causative organism of 





tropical impetigo as positively carried by lice. It is a different dis- 
ease from impetigo contagiosaeCastellani and Chalmers treat this disease | 
under the name pyosis mansoni and consider it to be caused by Staphylococcus: 
pyogenes aureus_and alous, Favus is a disease of the hair follicles caused 


by the fungus Achorion schoenleini Levert. The various types of pityriasis 


FP eel 


are caused by fungi of the genus Malassezia.e 
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Sobel in 1913 2s a result of eleven years experience with New York 
school children states that head lice are the indirect cause of pyogenic 
infection,fvequentiy leading to involvement of the lymphatic glands fol- 
lowed by suvppuration, and that lice also indirectly cause impetigo contagiosa, 

dermatitis, furunculosis, eczema and folliculitis. Pinkus in 1915 des- 
eribes similar results and states that the inflemmation of the scalp may 
lead to the falling out of the hair. 
epticaemia. In experiments conducted by Widmann (1915), he succeeded 
in mking lice bite mice in which he had produced Pneumonoccus septicaemia. 
He could not infect other mice by means of the louse bites but found the 
louse feces infective during the first 24 hours. The cocci were confined to 
the intestinal teaet and did not multiply therein. He also failed to trans- 
mit Staphylococcus infection by douse bite but recovered living cocci from 
the louse feces after 60 hours nut not later, In view of recent findings 
with other louse-borne diseases we may expect that infection could have been 
obtained by slightly abraiding the surface on which the lice had defecated, 
—DeFont Reaulx (1912) and other writers regard head 


lice as the cause of phlyctenular conjunctivitis, and Hudson (1914) states 





: . . * a > ei 1 5 pi 
that its sequela phlyctenular keratitis prevails among Board School child 
ren in England, causing much suffering and corneal sears with resultant 

| 
. ‘ i, + . es pe! | 
™ disabilities. He refers severer cases primarily to head lice, infective | 


: : by t ¢ 
material being carried from the scalp to the eyes vy the hands. 





: nd Otte: \ exnerimenting with clothes lice 
bY Plague. Swellengrebel and Ovven (1914) experimenting I 





‘oy _ de 
Fast India, and DeRaadt (1915) save succeeded 


Ke 


from plague patients in Dutch 


: ; g my neutane 11 ulae 
in causing death by plague in experimental animals by subcutaneous 1noc 


ee pestis in three head | 
tions of crushed lice. Herzog in Manila found Bagillus,. pestis. in three | 


B h a 2 909). There is no 
lice from 2 child dead of plague (Bulloch and Douglas ,1909) 
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evidence that plague can be carried by the bite of lice. 


Typhoid fever. In like manner Abe (1907) claims to have discovered 


eprosy; McCoy and Clegg (1912) have likewise found Bagillus leprae. 
in two head lice out of many examined from patients suffering with leprosy. 
neningitis., Pizzini (1917) fotnd a strong parallel in two 
Italian outbreaks of meningitis with the occurrence of lice on soldiers 
and civilians who contracted the disease. Some patients were found to 
have in their underclothing louse vectors of the Meningococcus, more pro 
perly called Diplococ us intra-cellularis meningitidis Weicnselbaum, or 
they were found to have handled garments infested with such lice. The 
months during which the disease is prevalent are those during which lice 
are definitely parasitic. 

All of the various cases cited are probably to be considered purely 
as examples of mechanical transmission by scratching of the feces of the 
lice containing the organism, into the skin. The organisms of impetigo 
contagiosa, tropical impetigo, favus, pityriasis, Pneumococcus and Strep- 
tococcus septicaemias, phlyctenular conjunctivitis and keratitis, plague, 
typhoid fever, leprosy, and meningitis are all bacteria or fungi. It is 
to be hoped that éxperiments in inoculatién-of feces will be carried out 
with those organisms in which the exact role of the louse is still unde- 
termined. The almost irresistable desire to scratch a louse bite should 
make louse transmission of any organism taken up from the blood, which can 
successfully pass through the lice into their feces a very easy matter. 


In case of typhoid if there is transmission it might be through soiling 
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gers on crushed lice, This consideration leads me to suggest that some 
one take up the quéstion of louse transmission of gonorrhoea, poleomyelitis, 
- pellagra, and small pox, giving special attention to inoculation of infect- 
ed feces. 

beri. In this connection it may be mentioned that Manson (1909) 
fas advanced the hypothesis that lice may possibly transmit beri-beri, a 
disease whose cause is undetermined. Daniels conducted an unsuccessful 
attempt in transmitting beri-beri from man to an orang-outang by means of 
lice, due probably to the inability of the lice to live on the host. 
(Castellani and Chalmers,p.1216.) He did not attempt inoculation of the 


feces, apparently expecting to convey the disease by the louse bite. 
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| the transmission of typhus fever by the louse was first proven by Nicolle, 


| , tay ae ~ 
Comte and Conseil (1909) working in Tunis. They successfully transmitted 


typhus from monkey to monkey by means of the bites of infected lice 
(Pedic lus corporis) that had fed on typhus fever patient 1-7 days pre- 


viously. A few months later Ricketts and Wilder (1910) working indépend- 


ently in Mexico reported successful infection of monkeys that were bitten 


by Pediculus corporis previously fed on typhus patients, and they also in- 


fected monkeys by placing the gut contents of such lice on scarified skin, 
three days after the lice had fed upon 4 typhus monkey. 
Further proofs of transmission of typhus fever vy louse bites were pub- 
lished by Wilder (1911), Goldberger (1912), and by Anderson anc Goldberger 


eee : ; , : : were pubolish- 
(1912); proofs of transmission by 4noculation of crushed lice were puolis. 








ed by Wilder (1911), Goldberger (1912), Prowazek (1913) and oy Nicolle, 
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Peiic and Conseil (1914); the last named authors proved the feces of lice 
when inoculated were infective at least 6 days after the lice had fed on 
a typhus fever patient. 

Wilder (1911), Sergent, Foley and Vialatte (1914) and Da Rocha Lima 
(1916) claim that typhus fever is hereditarily transmitted by lice but 
Anderson and Goldberger (1912) and Nicolle, Blanc and Conseil (1914) hold 
that there is no proof of hereditary transmissions 

No definite organism has been finally fixed on as the cause of typhus 
fever although several have been described, FPodies called Rickettsia 

‘prowazeki Rocha-Lima are regarded by Rocha-Lima (1916), Noeller (1916) and 
others as the causative organism and it is claimed that they undergo multi- 
plication in the cells of the midgut of infected lice. Plots (1914) and 
others regard Bacillus typhi-exanthematici as the causc. Stempell (1916) 


has described a Protozoan, Strickeria jlirgensi. which he suspents to be the 


in large numbers, Rabinowitch (1914-1916) regards Diplovacillus, exanther. 
as the cause; Penfold (1916) describes a Micrococcus; Proescher 
(1915) describes minute Diplococci and Diplobacilli as present in the 
endothelial cells of the human subject. Finally Futaki (1917) has des- 
cribed Spiroschaudinnia exanthematotyphi from the liver and urine of pa- 
tients dying of typhus and has found the same organism in lice. As this 
disease can be conveyed either through the bite, the crushed body or the 
feces, it would most likely be caused by a protozoan which can migrate 


from the gut to the salivary glands. It is of interest to note the re- 


cords of the various spirochaete diseases mentioned below. 
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rench fever. This disease has only recently been recognized, having 


ee ee ee Se ee ee er ee ee ee 


passed even in the early days of the war under the initials P.W.0. or 
pyrexit of unknown origin. Many of thegreatest investigators in the 
various armies have been it ce ae ee: on this baffling dis- 
ease of the trenches which stands among the highest of the disabling dis- 
lec sec of the Western front. The first record of the connection of the 
louse was contained in a statement of Davies and Weldon in 1817 that one 
of them had produced the disease in himself by permitting infected lice 
(Pedicuius humanus)to bite him. The incubation period was 12 days. 
Early in 1918 two separate committees, the British under Sir David Bruce 


and the American under Dr.R,P.Strong succeeded in proving louse transmission. 







The English committee (Bruce 1918) in an experiment in which lice were 
crushed on a scarified area of skin of volunteer patients incubated the 
disease in eight and ten days. In experiments with the feces of lice fed 
on trench fever patients, a small amount of dried excreta rubbed on a 
Reeririod area of skin, incubated the disease in three men on the oixrh, 
Beronth and eighth days, Blood from one of these men on the second day 
‘of fever inoculated in another volunteer produced a typical attack after 


an incubation period of five days. As the lice will usually leave a man 










with fever and migrate to a man with normal temperature it is easy to see 


how the disease is propagated 
x 


The report of the American committee has not yet come to hand al- 


‘though preliminary statements (Lambert 1918} have been published in the 


papers. These reports infer that the organism has been isolated. For the 


‘work of the American committee 2 large number of volunteers was ovtained 


from the army. 
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The Haemogresarina gracilis Wenyon suspected to be connected with the 
disease has since been proven not to have any connection. 

Volhynian Fever, This obscure European féver also called the Hiss- 
Werner disease, is claimed by Tépfer (1916) to be carried by lice. Jung- 
mann and Kuezynski (1917) have confirmed this, claimins that an early diag- 


is of Volhynian feyer is get te by examination »f the lice taken from 
patients. Da Rocha-Lima (3.917) points out the sim‘ arity of this disease 


causative organism, and which develops on the epithelial cells in the lumen 
of the stomach of the louse. 
Five-day Fever, This fever, also called Febris guintana is very little 
known. Werner and Benzler (1917) describe two cases of transmission by 


bites of lice. 


TRANSMISSION _OF_ PROTOZOAN DISEASES. 


er ee ee eS ee we ee 


gate the transmission of relapsing fever by lice. He found a striking co- 
incidence between the cases of fever among Indian school children and the 
prevalence of lice (Pediculus corporis) . Mackie found the spirochaete in 
14 per cent of the lice from the boys and 2.7 per cent of the lice from tne 
girls. He noted that the spirochaetes multiplied within the cut of the 
lice and that they could be found in the ovary, testis ani Ma loi chian 
tubaades ofthe insects, but did not find them in the ova laid dy infected 
insects, Bisset (1914) only found Spirochaetes in tiapgut Aidt 


. 


coelomic cavity of the lice. Asiatic relapsing fever is caused by Spiros 


ia carteri Mackie, which is considered as a biological species, 
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and Foley (1908) in Algeria carried out experiments with lice and obtain- 


with a single crushed infected louse (Pediculus corporis). Pediculus, 


ed ee 


humanus has also been recorded as an intermediate host. Nicoll, Blaizot 
and Conseil (1912) also working in North Africa found that when body lice 
were fed upon infected blood, the spirochaetes disappeared rapidly from 
the insects intestinal tract within 24 hours. On the eighth to tenth 
day, typical, active spirochaetes reappeared in the lice. Thousands of 
lice were allowed to bite monkeys and a man with only negative results. 
Infection was obtained in one of the authors by crushing an infected lice 
on excoriated skin, the incubation period of the fever being five days, 
They determined in one experiment that the infectivity of the lice was 
hereditarily transmitted. Eggs laid 12 to 20 days after the parent lice 
had fed on rélapsing fever blood were placed at 23° C and began to hatch 
on the seventh days The voung larval lice and some unhatched eggs were 
now crushed and inoculated into a monkey which subsequently developed re- 
lapsing fever. The spirochaetes were not discoverable microscopicaily in 
the eggs, As the result of the work of Sergent, Foley,Nicolle, Blaizot, 
Conseil and others it is proven that the lice are infective though in- 
constantly up to five days aiter an infective meal, and constantly on 

the sixth day, although during this period spirochaetes are absent; on 
the 8th to 9th days thé spirochaetes may or may not be present and in- 
fectivity is exceptional» After tne spirochaetes become fully developed 
in the lice infectivity fanishes. They may be infective up to the 15th 
days The} apyrexial stage of the spirochaete in man and the developmental 


or granule stage in the insect are so minute that they have not yet been 
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demonstrated, 


North African relapsing fever is caused by Spiroschaudinnia berbera 


—n a er oe ee ee ee _ 


Sergent and Foley, which is considered as a biological species, not mor- 
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caused by Spiroschaudinnia recurrentis Lebert, the evidence of louse trans- 


oe ee ee ee =o = ow 


mission was slow in coming. Mantanfel (1907) found that the rav louse, 


ot ee ee ee ee 


ed that possibly Pediculus corporis could carry it to man. Other authors 
made similar suggestions. Finally Toyada (1914) found crushed lice in- 
fective for mice up to three days after they had fed on infective blood. 
Since the outbreak of the great war the conviction of the role of the 
louse as a vector of European relapsing fever has become very strong. In 


fact repressive measures used in Roumania against the louse were effect- 


ive against the fever. This disease can also be carried by the bed bug, 


er_of Tropical Africa. This disease caused by Spiro- 
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nia duttoni, Navy and Knapp, is normally transmitted to man by 


— oo oe er oe — 


the tick Ornithodoros moubata, but Neumann (1909) found that it could oc- 
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casionally be transmitted from rat to rat by means of the rat louse, 


Polyplax spinulosus. 
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Infective Jaundice. Infective or epidemic jaundice, also known as 


a er ee Bee Oe ee ee . 


Weil's disease is caused vy Spiroschaudinnia_ icteronaemorrhagiee. Inada 
and Ido, and is infective to man and rats. In the European trenches the 
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rat is regarded as the reservoir of the disease. The spiroczaeve 18 


excejrited oy way of the urine or feces of rats or men and is consequently 
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easily communicated through the trenches, It is readily communicated 
through the mouth or through abrasions in the skin(Dawson,Hume and 


Bedson 1917). Stokes conducted negative experiments with Pediculus 


ee ee et ee ee ae 


corporis, but these experiments were not directed toward obtaining in- 


fection through crushing or scratching lice or feces into abrasions of the 


Skins This phase of the subject will bear further in¥estigation. 


Indian Kala Azar. Tropical Leishmaniasis or Indian Kala Azar is 


et er ee ee ee ee ee ee ee ee 


caused by Leishmania donovani Laveran and Mesnil. The normal character 


—on 7 a er ee 


is undetermined, but positive results have been obtained with the bed bugs, 


Cimex hemipterus and C. lectularius. Patton and also Mackie have failed to 
get results with lice. Possibly these failures were 21lso due to the conduct 
of the biting experiments rather than scratching in experiments with lice 
and their feces, It would pay to reinvestigate the lice in connection with 
the disease, 

Rat. Trypanosomiasis. This disease is caused by Irypanosous. iewisi 
Kent, which is often nonpathogenic, but common to many rodents. It is 
transmitted by several species of fleas but Von Prowazek has demonstrated 


that it may also complete its development in the rat louse, Polyp 


spinulosa. The rats become infected by licking up the insect dejections. 


py Haemogregarina (Hepatogoon) gerbilli Christophers in India. The des-~ 


criber, Christophers (1905) believed that he found the cycle of sporogony 


in the rat louse Po 


eee 
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pennatii in India is caused by Haemogregarina (Hepatozoon) funamouli 
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Patton. The verminules were found oy Patton in the gut of the louse 
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observed. 
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\ 
Canine tapeworm, The dog tapeworm, even caninum may 


eer oe er ee OS ee or oe ee 


an intermediate host the biting louse of the dog, Trichodectes canis ac- 


cording to Melnikow, although it usually passes its intermediate 
fleas. 


USE PARASITES. 
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site described. Fantham and Porter (1916) have even demonstrated this organ- 


ism experimentally pathogenic to Mus musculus. It occurs in the 


This completes the summary of the evidence which has so far 
sented against the lice, There are many species of sucking lice 
and domestic animals, and there are many obscure or little known 
diseases, It is naturally to be expected that the literature of 


disease transmission by lice will grow. 


stages in 


alimentary 


been pre- 
of wild 
animal] 


animal 


I have attempted also to show that the majority of the louse borne 


diseases pass through the body of the louse and out through the feces and 


that they gainaccess to the host in the following ways: the rubbing or 


scratching into a skin abrasion of infective portions of the insect body or 


its dried or fresh feces; the carrying of the contamination on fingers which 


have scratched the louse or its feces and transfer of the contamination on 


the fingers to the mouth or the eye; the licking up of the lice or their 


feces by animals which cleanse themselves with the tongue. Direct transmis- 


sion by bite is apparently exceptional except possibly in typhus fever. 


It remains therefore to reiterate that all types of skin diseases and 
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' in case the usual types of inoculation mentioned above have not been tried. 


A bibliography is attached. 


The next lecture will take up the habits of the lice and requirements 


mor control. 
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May 20,1918. Report 1. 


Report of Trip to Camp A.A,Humphreys,Virginia, 


Prepared by F.C, Craighead and W. Middleton. 


On May 14, Dr.W.D.Pierce, F,C.Craighead and William Middleton, at the 
invitation of Major Lund and Lieutenant Gibson of the Sanitary Corps, U.S. 
Army, visited Camp A.A.Humphreys Va. 

Camp Humphreys is located between Accotink and Mount Vérnon on a pro- 
jection of land surrounded by Gunston Grove, Potomac River and Dogue Creeks 
The camp proper covers about 7 to 8 square miles and is on the higher ground 

Se tcut 100 to 150 feet above the river. This area has a deep clay soil, giv- 
ing a water retaining surface in all depressions and was originally entire-= 
ly covered with a mixed stand of hardwood and pines. 

Through the entire length of the samp extends a parade ground with the 
barracks situated along the sides, These buildings are frame, two stories 
high, well ventilated and with a large heater in the center of each floor, 
Fach regiment has its ow mess hall and kitchen in a screened building and 
beyond the barracks each regiment has its individual stables. 

At present the camp is not much more than half finished, and the oc- 
cupants are both military and civilian. The officers have no authority 
over the civilian workers and consequently the sanitary conditions are much 
worse now than they will be later. It is to be a training post for engineer- 
ing and medical troops and when completed will accommodate about 18,000 men. 
However, it can be extended to hold 30,000, 

The sanitary work of the camp is under the direction of Major Lund, 

Whe is assisted by Captain Thomas and Lieutenant Gibson. This work consists 


of providing a pure water supply, sewerage, manure and garbage disposal, and 
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insect control. 

At present the water supply is obtained from wells situated at differ- 
ent places in the camp, but work is under progress to establish a filtra- 
tion plant near Accotink, securing the water from Pohick Creek. The sewage 
system which is now being installed will empty into Dogue Creek. The temp- 
orary latfines consist of tents and wooden shelters covering a box over a 
hhb@ein the ground, These boxes are absolutely fly proof even the seats 
being fitted with an automatically closing lid. Daily the boxes are removed 
and the pit burned out with straw and oil. After considerable use they are 
filled with earth and another station established. As these are often locat 
ed at some distance from the barracks this arrangement is unsatisfactory at 
night. 

The permanent latrines are being completed but will not be in use until 
the water and sewerage system is finished. These are rectangular wooden 
buildings having concrete floors. The contain several rows of seats, a 
series of showers, a wash room, and a boiler and heating apparatus. A 
separate seat is to be marked for subjects of venereal diseases. It is 
hoped that with the completion of these latrines the sewage problem will be 
permanently disposed of. 

Lieut.Gibson is in charge of the entomological work and has absolutely 
full control and responsibility as to the means and methods of solving these 
problems, This work is entirely practical and to facilitate its execution 
he has under his immediate direction 150 negro troops. The problems con- 
fronting him are so intensely practiéal that no time for investigative or 
systematic work is available and his ingenuity is continually taxed in the 
application of recognized means of control to the particular features at 


hands 
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The entomological work at Camp Humphreys may be divided into the fol- 
lowing problems: mosquito control, louse and flea control, and the preveéen- 
tion of insect breeding in garbage, manure and other excrement. 

Mosquito problem. The particular situation of the camp, surrounded by 
marshy land and with many ravines and stagnant pools, makes the mosquito 
Problem the biggest from the entomological standpoint. These natural feat- 
ures of the camp make ideal breeding grounds for the mosquito and the con- 
trol of these insects will be very difficult. To expedite thés work Lieut. 
Gibson has divided the whole promontory into six districts, each in charge 
of a noncommissioned officer. The larger swamps surrounding the camp are to 
be made accessible to fish by canals. This work will be begun as soon as 
the men can be supplied with rubber boots and equipment. The entire camp 
is to be drained and the drainage canals, streams and small marshes are to 
be kept constantly clear. The removal of trees and construction work has 
made many pools of stagnant water around the camp. Eventually these will be 
filled in, but at present they are oiled at intervals of seven days. The 
oiling work is accomplished by spraying squads, consisting of a corporal in 
charge of two spraying men, one relief man and one pick and shovel man. At 
each buildig large barrels are kept filled with water for fire purposes. 
These barrels are also systematically oiled. On this trip no wrigglers or 
mosquitoes were observed but the men on the camp outskirts were reported to 
complain of the mosquitoes at night. 

The Garbage Problem, The garbage originally was disposed of by allow- 
ing farmers to collect it daily and carry it away. Now an incinerator has 
been constructed and the refuse is burned. At each kitchen large galvanized 


cans are located into which the waste is emptied after being sorted into 


liquid, solid and tinware. At each garbage station there is a baited fly 
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trap of the Bishop type, in charge of which is 


a) 


mess sargeant. The 

liquid is strained through several sieves into 2 hole in the ground, and 
any solid matter found together found together with that sorted originelly, 
is burned in the incinerators. The tinware is crushed and burned and all 
the valuable materials are recovered, 

Shortly after the camp was started garbage was dumped on the river side. 
Upon examination it was found to be heavily infested with living fly larvae. 

Manure problem. The manure is sold to the farmers but responsibility for 
cleanliness in this method has not been fixed. In at least one instance far- 
mers have not immediately plowed under or spread the material obtained and 
onehalf mile from the camp entrance heaps in a field were found heavily in- 
fested with fly larvae, 

The manure is removed each day from the stable and placed in a wooden 
box at the entrance. These boxes are of a temporary nature, being DULL os 
wood and about a foot above the ground. Beneath these temporary boxes ideal 
conditions for breeding exist. It was suggested that permanent boxes od con- 
crete be erected soon and that they be ouilt directly upon the ground and 
have sloping bottoms. 

The floors of the military stables are of hard dirt and are daily clean- 
ed and then sprayed with a 10 to 12 per cent borax solution but the civilian 
stables have heavy plank floors and they promise to give unsatisfactory re- 
sults owing to the fact that the flies could readily breed between the boards 
and under them. 

d_ louse_problen As yet no trouble in the camo has been caused by 
fleas or lice but the continual influx of troops makes this problem imminent. 
After some discussion as to methods of control, Major Lund gave his plan some. 


what as follows: The infested company would be taken to the woods and sprayed 
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with gasoline, after which they would take a shower bath. The ground follow- 
ing this treatment wold be burned over. The clothes were to be treated dur- 


ing this procedure with a dry heat of 60° C. or fumigated with sulphur dioxide. 


June 3, 1918. Report 2. 
Report of Visit to Camp Meade,Maryland. 
W.D.Pierce. 

On May 31,1918, at the invitation of Lieutenant A.H.Carhart and Sergt. 
Raymond Shannon, I spent the day at Camp Meade, Maryland. I was immediately 
introduced to Major G.L.Qualls, the camp surgeon, whose guest I became for the 
day. The sanitary work of the camp is entirely under the direction of Major 
Qualls who had several years experience on the Panama Canal. He has quite a 
corps of efficient surgeons and sanitarians assisting him and my judgment is 
that they are watching very vigilantly over the sanitation of the camp. 

I was informed at the outset that the stables of one regiment were not 
in satisfactory condition but that they would soon be in shape. I also heard 
reports of poorly constructed sewer manholes which permitted fly breeding. I 
was shown a bad place at the waste disposal plant, where the contractor had 
dumped a lot of greese waste from the greese trap on the ground and blow flies 
were breeding abundantly. The old greese trap had been too small and a new one 
was constructed to take its place and this led to the dumping of the greese. 
Orders were immediately given for its treatment with a larvacide and its re- 
moval at the earl¥est possible moment. A corps of vigilant young men are con- 
stantly on the watch for such conditions and they are expected to get them 
remedied. 

In general, the camp is on the plan I described in my second lecture- a 


large cantral parade ground area, bordered by headquarters and barracks and 
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margined by stables, with the hospital off at the side. Some 60,000 horses 
are quartered in the stables, This means that the utmost vigilance must be 
used to prevent fly breeding. The barn floors are dirt, a mixture of red and 
pipe clay hardenéd with oil, iin’ the ground sloping to the entrance of the 
stall. The central aisle of each barn is high in the middle sloping to sides 
into which all stalls drain. The manure is daily swept out into the center 
aisle, loaded in the barn onto wagons and hauled to the railroad tracks where 
it is loaded on flat cars and packed tight for shipment to contractors who pay 
20 cents per horse.per month. The stable yards are large and airy and the 
soil is somewhat sandy. These are daily scraped and the scrapings of sand 
straw and manure are hauled to a swamp which is being filled. The filled 
land is rapidly moving out into the swamp, As the manure is dumped a large 
fire is built over it, which burns down several inches, and then a layer of 
ashes is spread over this. 

A sanitary sewage plant disposes of all human waste. 

The garbage is daily gathered and carried to a large garbage disposal 
building, where the cans are emptied into wagons of a contractor, who pays 
5 cents per man per month. This garbage is taken to a reducing plant in 
Baltimore. The cans are cleaned under high water pressure on rotary brushes 
and sterilized with crefinol, a product of the American Oil Disinfectant Co. 
This substance has a coefficient of 6. Wyandott's washing soda is also used 
in the cleaning. The grease is carried into a large pit or grease trap, and 
4+ was this trap which was giving trouble. Under the building there is 4 


cement platform which is daily washed, The dirt at the edge of this was 


becoming rich enough for fly breeding and attention was being given to remedy 


this defect. 
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There are a number of swamps and spring filled lands in the camp. 
These are ditched and the ditches systematically oiled with a larvacide 
made up of 65 per cent water, 32 per cent crude oil, 3 per cent crefinol. 
Some of the clear water streams furnish typical Simulium and Tabanid breed- 
ing places. A scouting party under a lieutenant had just discovered a 
littl e By éem breeding anopheles and the men were receiving instructions 


as to the detection of the larvae, pupae and egg masses. Sergeant Vickery 


on rae ee ae 


Fe Pe See he OE ES 


oiled. One bad place which was receiving attention was a hugh pile of waste 
metal, cans, etc., which was soon to be carted awaye 

Sergeant Shannon is experimenting sué6essfully with fly baits and may 
have something to report later. The fly traps used are not as satisfactory 
as those used by Lieut.Gibson. 

When recruits reach the camp they are stripped, examined and bathed and 
their clothing is sent to the sterilizing plant in the hospital enclosure. 
This building contains an American Sterilizer Co., (Erie,Pa.) disinfectonyNo-i 
which can stand 70 pounds steam, and which has a vacuum attachment and cyanide 
generator. It can give a 20 inch vacuum. The clothing is placed on a care 
riage which runs out ona track, and has four shelves. It receives a 60 
pound steam disinfection for one hour. 

Contrasting with Camp Humphreys. Borax is not used on the manure. 

There is no incinerator. Tne manure is not placed on boxes or anything else 
outside the barn, except occasionally and then the ground is subsequently 


treated with crefinol. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


OF DISEASE, HYGIENE AND SANITATION. 


Mees, 1915. 3:30 pems 

The fourth session of the class held in the same room as before, was 
attended by the following: Barber,Basseches,Dusham,Gahan,Greene,Kotinsky, 
Middleton, Moles,Perrine,Pierce, St.George,Sanford,Sasscer ,Smith ,Snyder, 
Speare ,Swartzell,weigel,Whitcombd, and White, 20 in all. 

Doctor Pierce opened the session by reading lecture No.3, entitied 
"Louse borne Diseases". 

Mr,Snyder reported observing mosquito larvae in pot holes up the river. 

Mr.Middleton reported complaints of mosquito bites from Ft.Myer,Va. 

Doctor Pierce read his report on a day spent at Camp Meade,Md. This 
report is printed on pages 45 to 48 as Report Noes. 

The session closed at 5 Delle 
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Doctor Howard has called my attention to my erroneous statement on 

page 26 regarding Aedes argenteus in Hawaii. That statement snould be 
crossed out in all copies. The confusion in my mind arose from the fact 
that I knew that one of tne elements of yellow fever was lacking in Hawaii 
which made the opening of the Panama Canal somewhat dreaced there. This 
element, I now recall, was the fever and not the mosquito for its trans- 


mission. 
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The dates of issue of pp.l-13, was May 22, 1918,; pp.14-24,May <7; pp. 


| 25-46 ,June 6. 
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Supplement to Lecture 3. LOUSE BORNE DISEASES, 
W.Dwight Pierce, 

Lecture -3 was intended to insluae brief statements concerning each 
of the He eaa sue mentioned, but time did not permit of their inclusion. 

The following summary will probably be of assistance in understanding the 
lecture, 

Beri-beri - an Hast Indian and tropical disease characterized by weake 
ness, anemia, dropsy,dyspnea (ioeed breathing) and paraplegia (paralysis 
of the legs); has been thought by many to be a nutritional disease caused 
by the absence of vitamines, éspecially in polished rice; other authorities 


lean toward the parasitic theorv of origin, with possibly an insect vector. 
7] = ? 


and spinal cord, causing paralysis, often fatal; common in the United States, 
and has caused many deaths in army camps; is largély transmitted through the 


ieningitidis, and other organ- 


eee ee ee eee ee ee ee per ee + = ore —_ 


mouth; caused by Diplococe 


isms. 


skin, with crusts, caused by Achorion schoenleini. 


= 


r- an obscure new disease of the sastern front, trans- 


mitted by lice. 


iculitis - inflammation of the hair follicies, 
onorrhoes - a contagious inflammation with a purulent discharge from 


the genitals caused by the Gonococcus_; transmitted by contact and contami- 


nation of fingers. 
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Impetigo contagiosa- a contagious acute pustular inflammation of the 


ee ee ee 


: Indian kala-azar - ar. epidem’» fever of India and southern Asia, with 


recurring periods of fever, anenia, swollen abdomen and wasted body; caused 


by Leishmania donovani and transmitted usually by bed bugs. 


: . 
ve jaundice - an epidemic disease of the trenches charadterized 


and through the mouth; caused by Spiroschaudinnia igtere 


oe 


Leprosy _- an endemic, chronic, malignant disease with cutaneous and 


other lesions; mostly tropical, but present in small numbers in various 


parts of the United States; transmitted by contact; insécts probably are 

Melanodermia (Morbus errorum, vagabond's Lpiets - an aggravated 
condition due to continuous louse attack, resulting in hardened skin and 
Pigmentation. 

Pediculosis capitgtis - the simple scalp dermatitis due to attack of 
Pediculus humanus; cosmopolitan. 

Pediculosis_ corporis - the sample dermatitis due to attack of_Pediculus, 
corporis; cosmopolitan. 
ellagra_- an endemic skin disease, originally of Italy, now common 
in Southern United States; thought by some to be a nutritional disease, and 
by others to be of parasitic or chemical origin, with the possibility of 
an insect vector. 


Phiyctenular co niunctivitis - inflammation of the conjunctiva marked 


by the formation of ulcers. 
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a at ae ' : 
Phthoriasis - The simple att-ck in the pubic region by Phthirns pubis. 
Pitvriasis - Scaly skin diseases caused by fungi of 
Malassezia. 


the genus 


- a verminous, scabby matting of 


the hair; frequent 


0G 


fF amon 
Porrigo = scadd head, or favus of the head, due to the fungous Achorion 
Scheosnisini. 
Polsomyelis 


(infantile paralysis) i 


flarma 
6f the s@inal cord; 


‘krw Gs ouay ey 4 
of un 


aS 


the gray matter 
certain origin, and uncertain tran sion. 
nilis a Sxin disease in whi 


~} 


ch pustules are found. 
dermtitis - a skin disease in which pustules are formed 


recurrent fevers, 


the European form 
o€curring in Roumania and Russia; the 


1; the North 
African in Aigeria and Bpypt; and the 


Tropical ‘African forms 


ms in all parts 
by 


of Tropical Africa; caused by species of & 


Laudinnia (Sniroc! 
transmitted by lice, bed bugs, fleas and ticks. 


ition caused by the absorption of sept: 
products. 


Smallpox - (variola) - a epécific infeetious disease wit 


fever and pap- 
ular eruption, followed vy vesicles and pustules and the production of pits; 
the organism is not definitely isolated; transni ted by contact; common in 


q temperate climates. 











536 


ro- a disabling fever of the trenches in Europe; trans- 


egiosi. 
Typhoid fever - a contagious intestinal disease; serious when it breaks 
out in army camps}; cosmopolitan; transmitted by feces,contaminated food and 


water to the mouth; |amny kinds of insects may pollute the fooa; caused by 


fever - an epidemic, contagious fever, with eruptions and 
great depréssion, but no lesion; a serious disease in Mexico and other 
parts of the tropics, and especially in the trenches in Europe, having 
caused the death of millions of people in Servia, Roumania, Russia,Germany, 


the louse is 


Austria and France; the organism is not definitely proven, but 
the only vector. 
Urticaria - a rash or skin eruption with itching. 
new 
olhynian fever - an obscure/disease of the Volhynian region of the 


eastern front; transmitted by lice. 
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PROCEEDINGS OF THE CLASSEFORMED TO STUDY THE ENTOMOLOGY 
eS ee siesta 


BUREAU OF ENTUMOI OGY 







OF DISEASE, HYGIENE AND SANITATION. 


Sis 10, 1918; 3:45 pom 
Met in Room 41], Bieber Building, with the following in attendance: 
Back,Barber ,Boving,Caudell,Crawford,Dietz ,Dusham,Gahau,Ginsburg,Greene ,Hoff- 

man ,Hyslop,Kotinsky ,Mann,Middleton,Moles,Morrison,Nelson,Perrine,Rand, 
Reed, Rohwer ,Saint George, Sanford,Sasscer ,Snyder,Speare ,Swartzell,Weigel, 
White, thirty in a11 in addition to Dr.L.0.,Howard and the leader 


The session was opened by an dddress by Doctor Howard on 


s9FTN, 


rae History 
of Medical Entomology in America". Under this title, Doctor Howard gave 
a general talk on the subject of the growth of the work in Medical Ento- 
mology in the United States. The coumtinication was largely reminiscential 
and historical, and explanatcry of the situation which has gradually de- 
véloped into the condition, considered somewhat anomalous in certain 
quarters, by which a large numoer ef men trained in medical entomology 
and a great mass of medical entomological information have centered around 
agricultural institutions such as the United States Department of Agri- 
culture and the agricultural colleges. 

The speaker, beginning with a statement concerning his own early med- 


ical education and medical affiliations combined with his entomolozical 


1S we 


positions in the Department of Agriculture, snowed that ne was naturally 
led into such aspects of entomology as might have mefical trend, ana that 
the early work done on mosquitces, house flies, fleas, and other insects 
of this nature naturally made the entomological organization of the U.S. 


* * 7 


Department of Agriculture one which possessed knowledge of great importance 


4 


eal 
ogi: 


“nu” = 





a me 


and one which would naturally be “nen to when discoveries of the trans- 
mission of disease by insects began to be maddeby medics mdn. 

The talk went from point to py int in this gradual development, and 
was accompanied by anecdotes of experiences in the course of the work and 
with medical workers of prominence. It may be outlined as follows: 
Farly experiments; correspondence mainly abstracted in Insect Life, 1838; 
Catskill Mountain experiment with kerosene and those which followed,1892-- ; 
Bulletin No.4, Division of Entomology--biology of 


American 1900 -- illustrated lecture before the American Medical Associa- 
tion; Bulletin No.25 --Thayer and Lazear -- Reed and Carroll -- Sir Ronald 
Ross ,1900 --; The Mosquito Book,1901 -- Texas lecture -- lecture at Boise, 
Idaho -- lecture before the Royal Society of Canada -- lecture befoie the. 
Lowell Institute -- Lecturesat Yaie and Cornell,1901-2; visit to Italy, 
1902 -- Walter Reed's death; the Laredo outbreak of yellow fever in 1904 
and the San Antonio situation in that year; work on the geographic distri- 
bution of the yellow fever mosquito and tne influence of this work in the 
establishment of quarantine lines the following year; the New Orleans epi- 
demic of 1905 -~ visit to New Orleans in October of that year --Sir Rupert 
Boyce and Lord Mountmorres -- Dr.J.H.White, Dr.Quitman Kohnke, Dr.Rupert 
Blue, Dr-H.A.Veazie; the Vera Cruz working parties of the U.S.Public Health 
Service; Carnegie Monograph of the Mosquitoes of North and Central America 
and the West Indies (1905-1917); visit to Italy in 1910 -- Angelo Celli, 
B.Grassi, Tiraboschi; W.D.Hunter's address as retiring President of the 
Association of Economic Entomologists; the work of D.L.VanDine at Mound,!a.; 


the work of W.V.King; house flies -- early bulletins -- work on the insect 
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fauna of human excrement (1900) -- magazine articles -- book on the house 
fly (1911); later work off the Bureau of Eatomology -- pellagra, Rocky 
Mountain fever tick, Hutckison's work on house flies - - his present work 
on lice -- Pierce's bibliography of medical entomology and the class in 
medical entomology -- all of this latter work having been done under a 
definite section of the Bureau of Entomology established for the investi- 
gations of insects affecting the health of man and animals; the present 
situation of the work and its possible future. 

(The speaker did not mention the excellent American works, like Doane 
"Insects and Disease" “Riley and Johannsen "Handbook of Medical Entomology", 
Herms "Medical and Veterinary Entomology", LePrince and Orenstein "Mosquito 
Control in Panama", and Chandler's just published “Aninal Parasites and 
Human Disease", since these have been or will be brought before the class). 

He also warned against further change of names of insects invoived in 
fedes calopus, asready changed from Stegomyia_ 
possibly insufficient grounds. The name of an insect once entered more or 
less extensively in medical literature must not be changed, if the confi- 
dence and cooperation of the medical world is to be retained. 

The address closed at 4:20. 

Doctor Pierce urged the class to read Doctor Howard's Mosquito Book and 
also the economic portions of the first volume of the Mosquito Monograph by 
Howard, Dyar and Knab. These books unfortunately are not accessible to ail. 

Enlarged photographs of Pedicuius corporis 2dult nits on wool and freshly 


hatched larvae were passed around by the leader. 


Dispersed at 4:40. 
Jacob Kotinsky,Secretary. 
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June 17, 1918. 
Lecture 4, THE LIFE HISTORY OF THE HUMAN LOUSE, 


W, Dwicht Pierce. 


In the third lecture you were given a very brief and concise statement 
; ta Ale : ‘sacl ) 
of the claims made as to the transmission of disease by lice, witha number 


+ is often the case 


IH 


of suggestions for future work along certain lines. 
that we can obtain important clues for further research by taking time to 
sift over ive work of other investigators and carefully analyze their meth- 
ods and results. It is with this in mind that I have been directing my 
researches in the annals of medical entomology, Heretofore it has been a 
science of individual effort, and a tremendous amount of building material 
has been quarried out. Let us now assemble these materials, build a firm 
foundation of science of the Entomology of Disease, Hygiene and Sanitation, 
and upon that foundation erect a structure of coordinated and systematic 
research. 

It will take us some weeks and months to sift out the building materials 
and test their strength. Ina few cases we have nad this sifting done for 
usm and one of the cases is the fouse. 

Until the outbreak of the great war there had been a great mass of de- 
sultory writing upon the three species of human lice but this was in all 
languages and few had made any attempt to classify and arrange the knowe 
ledge thus obtained, Since the beginning of the war however the louse 
has been a major problem and there have been more titles published on it 
than on any other disease carrying insect. The first comprehensive work 
was published by DeHase (2915-1916) in a series of papers, part of whic 


are inaccessible because of the difficulty of getting literature from 
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; Germanys This has now been followed by two excellent monographs by Prof. 
. 
. Nuttall (1917), the second of which gives a complete bivliography of the 
| literature of human lice. a summary of the evidence of disease transmission, 
and extensive biological studies, With the large number of students now 
concentrating attention on these vermin we may expect that our literature 
7 will be greatly enriched with many more fine contributions 
The human lice hase generally been regarded as belonging to three dif- 
ferent species, Pediculus humanus Linnaeus ( (capitis DeGeer), P. corporis. 
DeGeer (vestimenti, Nitzsch), and Phthirus pubis Linnaeus (inguinalis Redi). 
| Nuttall as well as Bacot and others have recently come to the conclusion 
that the head louse and body louse are merely races of one species, and 
hence Nuttall united them under P. humanis for convenience, designating the 
d head louse as capitis and the body louse as corporis. Other writers are 
“not wholly convinced in regard to the union of the two species and we shall 
await further studies with interest. 
The true P. humanus, or head louse, is usually confined to the head, 
' mostly about the occiput and ears, but it may spread over the body, es- 


tablish itself on other hairy parts, and may be confined to the pubic 


hairs and multiply there. The body louse P. corporis lives usually on the 
body and in the clothing and is very rarely found on the head, The pubic 


louse, Phthirus pubis is usually found on the hairs in the pubic region 


oS" 7s 


but may occur in other hairy parts of the body. 
The body and head lice are found on all races of men and seem to show 
some varietal differences according to the host, but the pubic louse occurs 


‘on the Caucasian race. None of these species occurs on any other host 
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tran man, although a closely related species Pediculus consobrinus_Piages 
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The collections of the National Museum are woefully lacking in mate 
6ria} of all these svecies. I therefore take the occasion to request 
specamens from ali correspsendent: who may have occasion to get them, 

The material should be in ail stages, in alcohol, and should give lacal- 
ity, date, sex and race of man on whom collected. 

Children and old people are much more likely to be affected with head 
lice than active men and women, and girls because of their long hair are 
much more frequently infested than boys. On the other hand men seem to 
be more often the subjects of attack by corporis and pubis. 


Bacot carried out hybridizing experiments with huranus, (capitis. 
poris, carrying the offspring to the third generation. It is on 
the strength of such studies that Nuttall united the two under the name 
HUEBAUS « 

There is considerable variation in the number of individuals in the 
sexes, The males are smaller than the females. 

The eggs are elongate, ovoval, with a granulated cap or operculum at 
the outer end. They are cemented singly to a hair fin all three species), 
or a thread (R.corporis). Occasionally a single hair will be covered with 
them. Oviposition usually commences in P. corprois in from 2 to 6 days 
after hatching. 

When a female is ready to oviposit she clings to a hair or thread, and 
slipping backward grasps it also witn the gzonopods and the posterior lobes 


of the last segment. A drop of cement is excreted followed by the egg, 


* 3 ‘ r ‘ 1 > 7 Le ri = = a RaTe ™ 
which is thus firmly cemented to the hair and the insect moves awaye The 







entire operation consumes about 1’ seconase The operculum is usually 


directed away from the root of the hair. 
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| Oviposition takes place most readily at about 30° Cc. (86°R, ) and 
ceases at 20° C. (68° F.). They lay rapidly at 37° C. (99°F.) although 
this temperature shortens their lives. Infected persons who remove their 
clothing at night consequently become less heavily infested than those 
who wear their clothing continuously. The periodic cooling of the cloth- 
ing and the lice therein leads to their progény being materially reduced. 
: Nuttall shows that previous authors have found the total number of 
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eggs laid by a female corporis ranged from 55 to 295, and of huma 
(capitis) 50 to 141. In his own experiments he obtained results warrant- 
ing his conclusion that under optimum natural conditions a female corporis, 
‘lays 275-300 eggs, at the rate of 9-12 per day, averaging 9.7 per day, 
for 20 or 30 days. 

Nuttall and Bacot are both agreed that capitis prefers to lay its 
eggs on hairs, but they do not agree 2s to whether corprotis prefers cloth 
to hairs for oviposition. 

There is no evidence of parthenogenesis. 

The length of the egg period varies from 4 to 16 days under normal 
conditions and may be retarded to the 35th day or possibly later by cold 
periods. Apparently 30° C.(86°F,) gives about the optimum condition for 

| hatching, although the shortest period experienced was at 37 to 36°C. 
(99-101°F.), The effective zone for the eggs stage is from slightly un- 
der 20 to 40°C, (68-108°F.). In this connection Nuttall has made some 

very unfortunate remarks. He discredits the 7 day record with 3 individuals 
at 20°C. made by Widmann, the 10 to 12 day records at the same temperature 

: made by Heymann, and Legroux' statement that they rarely hatch at 16-18°C., 


- 0 1 Tn wate ube = WIsndiea 
because Sikora and Hase recorded failures at 20° and Nuttall and Hindle 


failed to hatch eggs at 22°C. 
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It is quite possible at 20°C. and one humidity to obtain death, at 
another humidity 12 day development, at another 7 day development, and 
at still a different h7umidity possibly a very long developmental period. 
All of Nuttails remarks on temperature effects must be more or less dis- 
counted because of his ignoring the important humidity factor. In fact he 
states that there is no evidence that eggs maintained at 22°C. or under 
are capable of hatching, but he quotes quite a series of retarded develop- 
ment records in which the eggs were maintained for more or less long per~ 
iods at low temperatures. For instance, Widman kept eges for 24 hours at 
=-10°C., and then transferred them to 26-30°C., and they hatched in 17 days. 
After keeping eggs at 9°C. for two or three weeks, Heymann transferred 
them to a favorable temperature and they developed in 15 days. The length 
of time the eggs can stand a given low temperature will depend to a large 
measure on the humidity.At a given temperature it appeared that dryness 
may retard development two or three days or more. 

There are three larval stages, or possibly we may call the last the 
nymphal stage. The larvae such blood from their human host. The first 


molt occurs on the 8rd to 8th day, and the other stages are correspond- 


ingly long. 
In molting the skin splits longitudinally from base to apex of thorax 
and along the base of the head to near the base of the palps. 


The entire life cycle of the human body, of corporis muy be as short as 
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16 days, 8 for the egg, 2 for the first and second larval stages, for the 


third stage, and 1 day preovipositional period. The head louse has been 


7 


carried through its entire life cycle in 17 days. 
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The lice cannot live long without food unless at uneffective temper 
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) the léngest period recorded being 10 days at 5°g (41°F.). The longest re- 
cord of fed adults is 46 days for a female recorded by Bacot. One male 
lived 32 days and fertilized eighteon females. 

The frequency with which lice feed is dependent upon the rate of di- 
gestion, which is dependent upon climatic conditions. They feed more fre- 
quently at body temperatures than when kept cool. They feed at all times 
of the day. Lice which have not had a feed for some time become ravenous 
and often feed to excess, rupturing the intestines and causing death. 

The lice seem to avoid light except when hungry. They seem to be 
quite sensitive to excessive warmth and will leave a fever patient. 

In the absence of definite humidity data we may roughly describe the 
zones of climatic influence on the lice as follows: The zone of minimum 
fatal temperatures for eggs is below 20°c. (68°F.) and for adults lies be- 
low zero centigrade (329 F.). The zone of dormancy in adults extends irom 
about -10° to 5°C. (14° to 410F.). The zone of sluggish movement without 
réproductive activity and with practically no digestive processes extends 
from 5° to 20°C. (41 -68°F.). Digestion ceases at 12°C. The zone of op- 
timum activity 1iés between 20° and 40°C. (68 -104°F.) with the optimum 
about 30°C. Practically all egg hatching occurs within this zone, as 
does all oviposition, practically all assimilation of food, and all normal 
activity. From 40 to 44°C, the lice are wildly active, this zone represents 
one of exhaustion in which death of eggs occurs. Above 44°C. (112°F.) lies 
the zone of maximum fatal temperatures. In control work 50°C. {j22°r ten 
one-half hour is sufficient to kill ali stages, and 60°C. (140°F.) for one- 


quarter of an hour gives a very thorough controls 
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Lecture 5. THE BIOLOGY OF LICE IN RTS RELATION TO 
CONTROL MEASURES. 


Robert H. Hutchison. 


From information I have obtained, directly or indirectiy, from medical 
men in the army, it appears that the louse problem is not very acute in the 
camps in this country as yet. A few cases appeared in Camp Dix,N.J. last 
winter. Some cases are said to occur in camps on the Mexican border, and 
I am told that troops which sre sent out for target practice on artillery 
or rifle ranges for weeks at a time often show well developed cases upon 
their return to permanent camps. In the permanent camps however the sani- 
tary arrangements seem to be such as to @iscourage their introduction. 
Among our troops in France conditions are doubtless similar to those obtain- 
ing in the other armies under similar surroundings, A fairly clear idea of 
what they have to contend with “over there"“over there” can be gathered from 
reading articles by Peacock,Kinloch and Eacot. 

In the civilian population of this country there are indications of 
important changes in the general problem. In times of peage the louse 
problem is most acute in jails, poor houses and like institutions; among 
vagrants and the extremely poor classes; among gangs of laborers, as in 
construction camps, lumber camps, threshing gangs,etc., and among immi-- 
grants. Since our entrance into the war there have been economic changes 
which have shifted some of these centers of infestation. For example, there 
are many more camps of laborers engaged in temporary construction work, and 
Mr. Wood's report indicates that lice are giving considerable trouble there. 
There is probably an increase in the size and number of lumber camps. On 
the other hand I have been informed by the captain in charge of the House 


of Detention at New Orleans that the vagrant population, which has always 
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been their worst source of information, has been reduced more than two- 
thirds. It is also well known that immigration has been greatly reduced. 
The urgency of the problem in the armies has léd to extensive investi- 
etions of control measures and of the biology of lice. The knowledge of 
the biology of the body louse was surprisingly meager up to the time the 
war began. It is my purpose in this paper to call attention to several 
important additions to the knowledge of biology of lice and to point out 


their relation to practical control work, for without a knowledge of these 


oints one cannot expect to intelligently interpret the results of control 


Mies! 


Berk: These additions to our knowledge of biology are due in no small 
measure to the improved technique for rearing lice as evolved > 
Sikora and Nuttall. Warburton's method of placing the insects on cloth 
in plugged tubes, feeding them twice daily and placing the tube in the 
pocket or incubator between feeds has been largely followed with modi- 
fications by other workers, but after many attempts at rearing lice under 
more normal conditions and providing them with unlimited opportunities for 
feeding, Nuttall finally worked out the two methods which he describes une 
der the names of the "felt cell method" and the “wristlet method". For the 
details of these methods it is best to consult the original description in 
Nuttall's article on the Biology of Pediculus numanus. In fact I have a- 
voided giving a stereotyped account of the life history, on the assumption 
that his article will be read by all those interested. 

The first point to be noted is the fact that body lice may occur on 
the body as well as on the clothin Nuttall has brought out convincing 
evidence that nits as well as lice themselves are often found upon tne Sody 


hairs, especially in the axillae, the hairs of the breast, ana av times on 


the pubic hairs and even the hairs of the thiga and 1eg. I have seen thyo 
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cases in which both lice and nits were present in the axillae. The im- 
portance of this point as regards control measures is obvious. Disinfection 
of the clothing is not sufficient, but must be accompanied by a thorough 
bath with some insecticidal liquid, such as cresol-sogp or Grub's gaso- 
ine emulsion formula, or the kerosene soap used oy Boyd in his work with 
the Mexican laborers of the Sante Fe Railroad. 

Moreover it was soon discovered from actusl experience tnathis war 
that a disinsection of a part of the clothing was entirely ineffective; 
for example, if clean shirts are provided, while the trousers have not 
been cleaned, lice quickly migrate from the trousers to the clean shirt 
which affords them new areas for deposition. Thus conditions are soon a8 


bad as before, 


> on control measures is the 


A second point having an important. bearing 
number of eggs laid per foes and their rate of development. The impori- 
ance of the improved technique for rearing lice, mentioned above, consists 
in showing that previous statements regarding the number of eggs laid clear- 
ly underestimated.their power of reproduction. When the lice are fed but 
twice a day only four to five or six eggs are obtained per day, while oy 


the wristlet method Nuttall ootained as high as twelve eg 


female, the average oeing about ten. He states that gorooris may lay 275 


to 300 eggs during its lifetime. Bv the same method I have obtained as 


high as fourteen eggs per day with an average of about twelve per day aur- 


ing a period of two weexs. 

Old statements as to the length of the incubation period of the e 
are also erroneous. Instead of the 3 to 4 day period so often given, it is 
found that at temperatures of 40 to 45°C., the embryo dies without emer 
at 37°C. hatching occurs in four to eight days; in my exverience they hatch 


in six to seven days at temperature of 33 to 34°C. ani in eight days av 30°C. 
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Nuttail shows that et 25°C. development is slow, lasting sixteen days 
white they fail to hatch at temperatures below 22°C. In testing various 
insecticices for their effect on the eggs, it is therefore necessary to 
provide the proper temperature conditions; otherwise failure to natch may 
be due to low temperature rather than to the chemical or other agent 
tested. There is still work to be done on the effect of humidity on the 
incubation period. 

In interpreting results from control experiments it is important to 
bear in mind that lice will lay infertile eggss Isolated females to which 
males have not had access, will lay eggs at about the normal rate. Such 
eggs are all sterile and show no development. There is no evidence of 
any parthenogenesis. But even females to which males See head access will 


”~ 


lay some infertile eges especially near the beginning 


ge and end of their 
dives. Nuttall says, thet at constant temperature of 30°C. we may expect 
roundly 70 per cent of a given lot of eggs to hatch. Of those which fail 


+ 


to hatch some are fertile, some undergo partial development but for some 


lows that it is also not a direct test of the efficiency of control meas- 
ures. For accurate work on the effect of 2 given chemical, eggs of known 
age should be used, prefefably after they have reached the stage when the 
eyes appear as faint brown spots on each side of the head of the embryo. 
By examination with the binocular before treatment, the vresence of 
eye spots will indicate the number which are fertile and their absence, 
the number sterile. Having determined the proportion of infertile eggs, 


the treated eggs must be checked by controls in order to determine the 
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number of fertile eggs which for some reason may fail to complete develop- 
ment. 

The freshly Jaid egg is almost transparent, but as the embryo develops 
the egg assumes a yellowist: color and the eyes first appear as pinkish 
spots gradually turning red Sr trow in color, finally becoming bleck. 
After the limos become clearly defined and the claws and eyes darken, 
there are slight movements of the limbs, and of particles within the body 
of the embryo, and periodic pumping movements of the pharynx begin to ap- 
pear: These pumping méwements become more frequent as time for emergence 
approaches. Sikora and Nuttall were the first to grasp the meaning of 
these pumping movements and show that they are intimately concerned with 
the act of emergence. When the larva is ready to emerge, the air is 
pumped in rapidly through the socalled air canals of the opepculum. The 
air is accumulated in the anterior end of the shell, the body of the em- 
bryo completely filling the remainder. As pumping continues the air is 
passed on through the gut “the bubbles being distinctly seen through the 
transparent glassy shell as they pass backward" and are expelled through 
the anus and accumulate in the posterior end, thus pushing the embryo up 
against the operculum. "This pressure of the air cushion finally over- 
comes the resistance of the operculum and He eae springs open". The 
head of the larva is thus forced out and assumes 4 normal RoR aap: Soon 
the first pair of legs is withdrawn. These are quickly brought into ac- 
tion and with their aid the remainder of the body is soon withdrawn. 

This highly interesting process is important in its relation to control 
measures, In the first place if oily or greasy substances are used they 
occlude the air canals of the operculum and the larva dies. Some sud- 


stances when applied to young eggs, may evaporate without acting directly 
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on the embryo and leave the air canals open by the time the embryo has 
reacned the stage of pumping movements. In my control eeeeciments i 
have cbtained results which indicate this, the mature eggs being des- 
troyed and the younger eges emerging some days later showing that the 
chemical has not affected the contents of the ecg but killed the older 
eggs by occlusion of the air canals, and passed off in time to permit 
the younger ones to hatch. 

me the second place the movements within the mature eggs afford a 
fairly reliable means of determining quickly but roughly whether the given 
chemical has been effective. Without waiting a week or more to determine 
whether the eggs will hatch it is often possible by examination under the 
binocular to determine whether all movement has ceased. However, if there 
is any question of the chemical passing off quickly by evaporation it 
would he necessary to awit the normal period of development to determine 
whether the yotnger eggs will emerge. 

. A third point of importance is eat proper temperature conditions 
must be provided in such experiments, to permit normal emergence as well 
as normal incubation. If the temperatures are too low the process of em- 
ergence is slow and the vitelline membrane will dry before the larva has 
freed itself. As a result the larva Gies with the head and first pair of 
legs and part of the thorax outside the shell, but the posterior end of 
the body and the sdcond and third pairs of legs stuck to the dried mem- 
brane , or it may be that the larva will die without bursting the membrane. 
In some cases I have found larvae with all but one ieg free from the mem- 
brane but this so firmly stuck fast as to prevent escape. It is important 


therefore to bear in mind that the effect of low temperatures may entirely 


outweigh the effect of the control measure under trial. Effective temrerature 
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is higher than oe most other insects. 

The egg shell is very tough and resistant to chemicals as is also 
the cement by which it is fastened and there is no knovm way of removing 
them without first destroving the fibers or hair to which they are at- 
tached. Hase describes how the Russian prisoners tried to reduce xkxix 
infestation by hanging shirts on a wire and beating with sticks, and 
Legendre recommends vigorous brushing with a stiff brush. Hase is doubt- 
less correct in pointing out that beating fails to dislodge many of the 
lice or to crush any of the eggs and that brushing may tear loose some 
fibers with attached eggs but actually destroys very few. On the con- 
trary it is pointed out that this may be the means of spreading the in- 
festation to other men rather than affecting any reduction. Hase carried 
out experiments showing sas lice can crawl up to the surface after bur- 
ial in several inches of dry sand or earth. If shaken or beaten out of 
the clothing to the ground and pressed-into the sand under the heel they 
will crawl to the surface and attach to the first host near them, which 
they have abundant opportunity to do in a crowded prison camp, especially 
when the weather permits the prisoners to lie down on the ground. Eggs 
brushed from clothing will hatch if temperathies are favorable, and the 
issuing larvae reach new hosts in the same way. 

Many experiments have been carried out by Hase and Nuttall with a 
view to determining what kind of materials lice prefer for oviposition. 
They agree in showing that rough materials such as felt,wool and flannel 
are preferred. However, in case of necessity the lice can and will ovi- 
posit on smooth materials such 2s silk and sateen. It has been suggested 
that infestation could be greatly reduced and even remedied entirely by 


wearing for 1 to 24 hours a broad band of felt or rovgh wool under the 
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Glothes, with the idea that iice would collect on this and they and their 
eges ¢culd then be destroyed by burning. But the preference of lice for 
Such material and the difference between this and the uniform is not mark- 
ed enough to make it really effective. However, it is a convenient way 

of obtaining lice and, more especielly, eggs of known age for experimental 
purposes. 

In practical control work the question is likely to arise as to how 
long discarded but untreated clothing will remain infective. The answer 
to this, of course, depends on how long lice can live without food and how 
long it takes for all the eggs to hatch. Experiments show that lice can 
live without food from 2 - 3 days at 35°C., 3 days at 30°C., 3-5 days at 
229C., and about 7 days at 10°C. Occasional records of % or 10 days at low 
temperatures have been published. 

As stated above, eggs will hatch in 16 days at 25°C., but below 22°C. 
they usually do not hatch. How long a period of low temperatures they can 
endure, and still hatch when the temperature is again raised is not know 
beyond a statement by Nuttall that he delayed hatching to 85 days by low 
temperatures. Certainly the safest plan would be to allow 30 to 40 days 
of cool weather or two weeks of hot weather for all the eggs in discarded 
clothing to hatéh. 

There are several other phases of the biology of lice which could be 
mentioned if time permitted. For example, the locomotory powers would re- 


pay study. Their inability to make any headway on smooth metal or glass 


M4 : a : . . . * La a 293 VT 
when inclined at an angle of more than 2 to 3°, and their inability to crawl 


4 4 ras] r nt a nt 
on smooth vertical surfaces such as rubber gloves or boots, as contrasted 
with their gymnastic skill on threads or fitrous materials and tneir power 
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of clinging to anything which they can clasp with their claws expiain the 
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different protective uniforms worn by those who have had to do with typhus 
epidemics. 

Their different reactions to light when fully fed or when hungry has 
a bearing on the question as to how they find new hosts, 

There are yet many phases of the biology which need elucidation. For 
example, the question as to the state of development of the olfactory sense 
and whether this comes into use in finding a new host. Hase concludes that 
they have a fairly keen olfactory sense because they are quickly repelled 
by substances like tar and etherial oils. According to him, they reccgnize 
and avoid the odor of horses, - the clothing of those artillery men who 
drive and care for the horses is saturated with the horse odor and free 
from lice, while others in the same battery without the horse odor are in- 
fested, On the other hand, a hungry louse placed on a glass slide near 
a freshly drawn drop of blood is apparently entirely unaware of the prox- 
imity of food. Likewise a hungry louse or a piece of cloth is apparentiy 

.. unaware of the presence of a human hand 2 chance to feed until a finger 
has been pushed within one-half inch or less of it, and that may be a 
positive reaction to the heat radiated from the hand rather than an odor 


reaction, 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


OF DISEASE,HYGIENE AND SANITATION. 
wume 47,1918. 3:30 p.m. 


The sixth session of the class was held in room 411 Bieber Puilding, 
in the presence ef the following: Parber, Béving, Dusham, Gahan, Hoffman, 
Hyslop, Kneale, Kotinsky, Morrison, Perrine, Reed, St.George, Sanford, 
Snyder, Speare, Swartzell, White and the leader, 18 in all. 

On motion of the secretary the class unanimously voted hearty thanks to 
Dr.L.0.Howard for the instructive lecture given us the previous week. It was 
also agreed, Doctor Howard consenting, to hold an evening session during the 
course to enable us thshear Doetor Howard's “History of Medical Entomology 
in America" in full. 

The secretary advised the class of the numerous requests for our 
Proceedings received from entomologists in many states, as a result of the 
note published in the Emergency Circular. Fvidentiy tne entomological world 
is seriously regarding the importance of our undertaking and is flocking to 
prepare for possible service. 

Messrs. Kotinsky and Pierce spoke of the abominable fly situation at 
Center Market in Washington. 

The leader read a number of notices which follow and then read his 
lecture on "The Life History of the Human Louse", and ilr. Hutchison's paper 
on "The Biology of Lice in its relation to control measures". 

Jacob Kotinsky, 
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NOTICES TO THE CLASS. 


a ee ee ee = -~ 


On account of the great amount of clerical work involved in a class 
with over a hundred correspondents, your letters will not be acknowledgec 
unless they contain questions. Occasionally it will be impossible to send 
the proceedings regularly. If you find a number has been skipped,please 
notify the secretary. 

As many of you are traveling it is realized that you cannot be regular 
in sending in your answers ard statements. These will be credited ~o you 
when received. Please endeavor to follow the course for your own benefit. 


The assignments will include mental drills, research guestioas, problems 


and reports. The proceedings of the class will include lectures, reports, 


tabulations, bibliographies, summaries of reports etc. We are conforming 
to circumstances, and necessarily not always logical in the order of events 
If at the end of the causseg¢ the @lass votes that the proceedings be 


ooration, this 


printed and sold at cost after rearrangement and possible ela 


will be done. In view of such a possible contingency, original photographs 


and illustrations may be contributed as your share of the proceedings with 
full credit, This is a cooperative class and will become more valuable to 
a11 of us in proportion as the whole class contributes to the subject. 

In general the course from now on will cover the following subjects: 


Non biting flies - biting flies - at least 5 lectures. 
Mosquitoes - at least 2 lectures. 
Fleas - 2 lectures. 
Cockroaches. 
Ticks 
Myiases and dermatoses - 2 lectures. 
Miscellaneous insect borne diseases. 
Insect poisoning. 
Stored food insects. 
Protozoal diseases borne by insects. 
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Bacterial diseases borne by insects. 





Worm diseases a Mb 
| Fumigation. 
Camp - household -city - rural sanitation-4 lectures at least, 


Thirty-five lectures will be included in the course ana they will be 


contributed by a number of men, experts on certain subjects. 
? Hs 


As we know very little of the entomological sanitation in the country 
I wish to make the following general assignment: 

Please report on your town or section of city at your earliest con- 
venience the following matters, and also endeavor ,where possible in your 
travels this year to report on towns and camps and extra cantonmenta] 
sites in the same manner. We will then tabulate and report back to the 
class the findings with suggestéd action, 

Are flies abundant around cityymarkets, groceries, meat markets, and 
other food distribution points, and have they access directly to the food? 
Report specifically on the markets found in bad condition and the flies 
present if identified. 

Are other insects found commonly in food or at food in markets or 
places where food is served? 

What measures are taken to reduce flies around places where food is 
sold or served? 

Are there any municipal regulations bearing on insects? Are they 
enforced? Send copies if available, 

How is stable manure handled? Is it left standing around the stables? 

Are mosquitoes breeding within the town limits? 

What measures are taken against mosquito breeding? 


Are there any insect borne diseases in your town? 
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[ff so, please watch their progress and report. If you have time dis- 
ver the source. | : 
Are there complaints of bedbugs, fleas, lice, ants, cockroaches, etc.? 


How is garbage handled? Is it exposed to flies? How often removed? 





Is it removed by city, contractor, or individual arrangement? 


Note any other vlcodsuchking insects prevalent on man or animals. 


; Beye you personally called attention of officials to any of Snese con- | 
; ditions? 
By eae these questions you will become personally acquainted ) 

with the problems of an entomological sanitarian. You should look at each | 
case as a problem to be solved and work out a way to solve it. If the problem , 

- particularly severe it may require further jinvestigavion. 
Pa) 

It should be borne in mind that you are not to let official duties be | 

Jd 
_ interfered with, but most of these observations can be made as you go back " 
, 
and forth, 

, | W.Dwight. Pierce, - 
Class Leader. ; 

| 

a 
| 

. 
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Lecture on THE CONTROL Or LIC He 


en ee ow ee ew we) nt ae tH om! cme i OE OEE a ee 


The, Control 


Never in the history of the world has the subject of insect borne dis- 
eases become so prominent as it has since the discovery that several of the 
great diseases which ravage nations and armies are borne by lice and that 
personal prophylaxis alone will combat these dise2ses,. 

Had the scientists not known how typhus fever was spread the e1 eee A 
nation of Serbia and possibly most of the peoples of eastern Europe and the 
poor peoples of 211 the war stricken nations as weil as the men in the 
trenches might have been wiped out by now. As 9 matter of fact probably 
one-third of the Serbian nation was lost and hundreds of thousands of 
Roumanians, Austrians, Russians, Germans and Tanks before tne medical authori- 
ties obtained the necessary grip on the situation. The lice would have gone 
on disabling the men in western trenches with trench fever if they had not 
been proven to be the vectors, 

The knowledge of the means of conveyance of a disease is the first 
requisite toward the successful combatting of that aisease. 

I cannot lay too much stress on the importance of controlling the lice 
in the armies in Europe, nor on the still greeter importance of preventing 


1 


their becoming established in the cantonments in this country. Fecause 
they are not present now is by no means an indicatioyt that they may not be 
soon. Let us hope that every camp in America is equipped with adequate 


facilities to prevent lice from gaining a foothold. 


In this lecture I shall attempt to summarize the va st amount of 
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literature accumulated since the »eginning of the war, on louse control. 
If nothing else can impress on your minds the importance of the question 
surely the heroic means taken to combat the pest should do that. 

The ravages of lice; The eastern theatre of war has long been scourged 
with louse borne epidemics. During the Crimean war the British troops be- 
came seriously infested becoming anaemiated and debilitated and death car- 
ried off many of them. The only remedy available was to put the wet flan- 
nels in the snow for two days - this killing all but the nits. (Shipley, A.E., 
Brit.Med.Journ.No.2807 ,p.679- 

Typhus fever ravaged the Bulgarian troops during the two Balkan wars to 
such an extent that it was estimated by a staff officer that they lost more 
Soldiers in a short veriod of time from fleck typhus than from all other dis- 
eases combined. 

During the present war the lice at first were most serious in the Kastern 
theatre, probably due to the greater congestion of population among the 
Slavic peoples. The Germans first had to combat them among the Russian 
prisoners, finding the French almost completely free. Fut by mixing the 
prisoners and the exchange among them of souvenirs, esoecially shoulder 
straps, Bader which the lice clung tin masses, the lice became generally dis- 
tributed. It was not long before the German armies found the louse a very 
live problem and their scientific journals are full of papers on the control 
of the vermin. 

In Serbia s few cases of typhus fever occurred in October 1914, and in 
January 1915 the disease was epidemic among Austrian prisoners who were 


greatly crowded and necessarily compelled to live under very insanitary 


conditions. The disease quickly spread from them to other individuals and 
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as there was no quarantine and the Austrian prisoners and infected in- 
dividuals were sent or allowed to go to various parts of the country, 
Serbia was soon afflicted with = terrible and widespread epidemic. Weak- 
ened by the ravages of war, the country was not prepared for an epidemic 
and for 2 time trphus raged almost at will. The m jority of the Serbian 
doctors, who were small in Aiea became afflicted. The epidemic was at 
its height in April wnen the number of cases was at least 9000 a day, but 


it was impossible to gualge the number of cases in the rural districts. 


n this evi- 


{te 


At least 100,000 men or a quarter of the army Were destroyed 


demic which was brought to a stop by the energetic forts.of' Dr.Rirs 


O 


Strong and his American assistants, The work of the Serbian Sanitary Com- 


mission under Doctor Strong is briefly detailed in the following publica- 


tions: Strong, R.P.,1915, Boston Med.&Surg. Journ. ,vol.173,No.7,pp.259- 
e902, Strong R.P., 1915, Med.Rec.Nov.20,p.892. 

In Roumanie typhus fever and relapsing fever became epidemic in the 
winter of 1916-17 and the conditions which occurred there are very vividly 
protrayed by Wells and Perkins (Wells H.G., and Perkins, R.G. 1918, Journ. 
Amer.Med.Assn., vol.70,No.11,pp. 743-753). 

+ was inevitable that the lousé should reach the western trenches 
and contaminate them with disease, and we find that now trench fever es- 
pecially is considered the most disabling diseases of the western trenches. 
Reports show that a very high percentage of the men in the trenches become 
verminous. 

Out of such conditions have arisen heroic meth- 
ods of treatment. ‘when things are done in armies they must be dene on a 


Jarge scale, Consequently we find that Doctor Strong's conmission under- 


took to bathe,and cleanse the wearing apparel of, the Serbian natioa, and 
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that similar efforts were made in Roumania. And furthermore with the 
cleansing came the extermination of the epidemics. 

The British in 1915 began isolating Paroin prisoners for 14 days 
after capture for observation, and they treated or destroyed their cloth- 
ing and bathed them as promptly as possible. The isolation of prisoners 
is practiced quite generally. 

It has become 3 well defined principle now that new acquisitions to a 
Military camp must be treated for lice. This treatment is called delousing 

IA 
or disinsection. ‘Ren returning from the trenches, prisoners of war, men 
who have been on furlough, new recruits, and new units must be inspected 
and given 5s complete delousing treatment on general principles. This 
treatment often varies in detail but consists of thorough bathing, cleans- 
ing of the clothes and accoutrements, and disinfection of bedding and bag- 
gage. 

On the Mexican border the United States Public Health Service have 
found it necessary to exercise a rigid supervision over refugees from 
Mexico, as the disttirbed political conditions in that country have result- 
ed in a spreading of typhus fever from the plateau regions where it is en- 
demic to all parts of the country. The immigrants are stripped and given 
identification tags for their clothing and baggage, and then they tnem- 
selves are given thorough spraying with gasoline emulsion, and then paths 
with warm water and if lice are present the hair of the men ana boys is 
clipped and burned. The women have a mixture of equal parts of kerosene 
and acetic acid applied to the hair for half an hour with a towel cover- 
ing the head. The acetic acid loosens the eggs from the hair and the 
kerosene kills or stupefies the lice. Before entering the bath liquid 


soap is sprayed on each person. The soap is made by boiling one part of 
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soap chips in four parts of water and then adding two parts of kerosene oil, 
or four parts of gasoline. This jellies when cold, and one part of this 
soap jelly is added to four parts of warm water, making a good liquid soap 


at very small cost, The clothing is disinfected by being placed in bundles 
in the steam chamber in which a vacuum of 10 to 15 inches is created and 
live steam is then introduced until the gauge shows 20 pounds, which gives 
a temperature of 259°F, This is mintained for 10 minutes to insure pene 
tration. The creation of a second vacuum of 10 inches and holding it for 
10 minutes will dry the clothing completely. (Pierce €.6.,1917, U.8,Pubiig 
Health Repts., vol.32,no0.12, pp.426-429), 

Path outfits. Early in the war it became apparent that portable |abdith- 
ing and disinsecting apparatus must be developed. in Russial, Brink (Voyenno 
Med.J, ,Petrograd,1915 , vol. 264,med.-spec.p%. spp. 440-449) late in November 
1914, devised a portable traveling bath capable of bathing a regiment of 
4000 to 4500 men in 14 to 2 days. 

Many modifications of this have been devised but we may give in gen- 
eral a composite of these, which may serve as the model. 


The outfit may consist of a wagon train with tents or portable huts, 


or a train, or athalting stations my consist of permanent structures. The 
portable wagon drawn outfit can most nearly approach the trenches and is 
considered the best by Brink. The equipment should be capable of washing 
and cleaning the clothing and equipment of at least 100 men an hour and to 
discharge each man in about half an hour, thus making it possibde to wash 
an army unit in the course of a short time. 

There is also supposed to ve a distinct separation between unclean and 


clean, and the cleaned men must not mix with the uncleaned. 
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The men come into the receiving tent, car or room and 
undress, receiving numbered tags for identification of their belongings. 
In the disrobing room each man places his clothing ins bag, his accoutre- 
ments in another receptacle, personal belongings which do not need fumiga- 
tion in still another, all of these receptacles bearing the number given 
to him. 

Path, They proceed into the bath room and receive either shower or 
tub bath, and in some cases pass through several beths. In the Russian 
portable outfits the bath equipment consists of folding benches, zinc 
covered tubs, wash basins; spoon measures for liquid soap, sacks for steril- 
ization of clothes, little numbered tags, canvass folding tanks for water, 
kerosene lamps to ve used at night, a barber ghop. Naphtha soap was used 
as the cleaning agent. On the Mexican border at El] Paso the men are first 

SHAN 
sprayed with ga eaene aad then walk through a continuous spray in a tank of 
water about a foot deep,e On the Santa Fé Railroau according to Boyd 
(Am, Journ, Pub, Health ,vol.7,no.8,pp.667,671) the Mexicans are given a 10 
minute bath in kerosene and soap suds (equad parts), with a kerosene and 
Vinegar bath for the hair. 

In at least one of the baths hot water should be used. The liquid 
soap described above applied as a spray is a very good method and prevents 
contamination by means of the soap. 

On leaving the bath room they enter the barber shop where the hair 18 
clipped. Bags should be tied around the neck to catch th 
burned. The men may also be shaved. 

They then pass into the dressing room where they receive clean under- 


clothes and their outer garments and other possessions disinfected and Gis- 


insected. 






5 y = te 


: : ee ces Sot Ro >: ee Sree 


+ . = ' ‘ : i . K a?) 
: “ ones eS ee cane P27 20ers eee nasi “PS 4a] hes 
« 7 
: 4 2 ; : : f ; ee te. 
: fet ap COR “. “ate . | ha a> <Fartk 
. Y Sak : 
“4 ‘ Su es ae 








«Bo= 


othing. Meanwhile the clothing has undergone one of several types 
of treatment such as heat, steam,gas, or washing in insecticides. 

Exposure to a dry heat of 60°C, (140°F,) or higher for 30 minutes 
Will kill the lice and all nits in the clothing, in fact a 15 minute ex- 
osure at 600C, or 30 minutes at 55°C. is satisfactory. The heating is 
often done in temporary huts near the front, In fussis and Roumania the 
huts were often mide of sod. As they are often hastily extemporized, it 


is desirable to have a satisfactory means of determining whether sufficient 


Cc 
ae 


heat has been applied to obtain the desired results. Bacot (Brit,Med. Journ. 
No.2953,Aug.4,1917,p,151) sugzests placing in porcelain dishes 22 inches 
deep by 22 inches in diameter, 7 grams of stearin (trade melting point 
60°C), which requires 30 minutes to melt at -at 60°C, (140°F,). Thus it 
can easily be determined whether sufficient heat has been a 
sufficient time. The dishes should be placed slightly lower than the level 
of the lowest garments in the sterilizing room. 

Bacot also suggests (Brit.Med. Journ, No. 2931,Mar.3,1917 ,pp.296-297) the 


t 


use of a tubular oven with traveling hangers so that the clothing coula be 
taken out in rotation. 

Soaking in hot water at 55°c, for 30 minutes gives compiete control 
according to Bacot, but this method takes longer because of the necessity o 
drying the clothing afterward. 

Exposure of clothes in sacks to steam ata temperature of 90-95°9C, 
(1°99-203°F.) for 20 minutes is entirely satisfactory according to Gurevich 
(Voyenno-Med. Journ.vol ,245,1916 ,pp, 323-327). 

Vacuum fumigation has received several very successful trials. On 

bs : : : 
fhe Medican border it has been used by the Public Health Service, where a 


hydrocyanic acid gas fumigation is used. With closed chests, trunks, eic., 


. 


os =e 
ba > 


4 
Tr! eek ‘ 


rose renee 


ig nln Dene p 2a get) gee ie 


at eee HH» w Awe Ben ARE : 





-83- ; 


ounces 


a vacuum of 20 inches and a 30 minute. exposure to the gas from 4 pounds 
of sodium cyanide per 100 cubic feet is necessary, but with clothes hung 
loosely in the chamber the vacuum may be reduced to 15 inches and the 
cyanide to 3 ounces. 

The German State Railways, early in the war found it necessary to 
fumigate railway carriages which had transported Russian prisoners, de- 
cause these cars were especially badly infested. A large iron cylinder was 
constructed, into which a railway carriage could be run. The cylinder was 
hermetically sealed, the air exhausted, and the contents warmed by steam 
pipes. the lice in the upholstery of thdears can survive exposures to 
partial vacuum but the heat kills them. 

Vacuum fumigation is also described, using 12 per cent formaldehyde 
and water vapor for three quarters of an hour. At Gamp Meade a steam 
cylinder sterilizer with vacuum and cyanide fumigation attachments is in- 
stalled for general disinfection and disinsection purposes, 

Under temporary conditions neither hot air, steam nor vacuum can be 
used to cleanse the garments and in such cases hot water washing or the 
use of other expedients is necessary. The outer clothing should be iron- 
ed and brushed at least once a week. Garments may be freed of lice by 
immersion in 3 petrol or benzine bath. If a bath and extractor such as 
are employed in dry cleaning establishments are used there is less danger 
from fire and about 90 per cent of the liquid is recovered for further use. 
Such a bath is necessary for uniforms and woolen garmmsents generaily. 

A great number of remedies have been suggested and tried, but from 
these we may select a few which appear to be especially good. There pro- 
bably will be times when one or another will be more practicavié. 
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1. Where clothing is not injured by water, steeping the garments ior 
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half an hour at 12°C. (54°F) in a soap solution containing 2 per cent of 
trichlorethylene or 10 per cent of tetrachlorethane is effective. 

2 Steeping for half an hour in a 5 per cent solution of cyllin in 
water maintained at 65°C. (149°F.) is also effective on woolen clothes, 

3. A mixture of 35 per cent cresol and 65 per cent naphtha soap in 
Water to forma 10 per cent solution is a good wash for body linen, and 
it may be used on outer clothing by ruhbing it in with a brush. The odor 
Will be retained for a long time and will keep lice away for several weeks. 

4. A similar mixture is composed of 35 per cent xylol and 65 per cent 
naphtha soap. 

5. A 2 per cent solution of cresyl freshly prepared has been found 
sufficient to kill all lice with which it comes in contact in 10 minutes. 
A quart of cresyl in 123 gallons of water was enough to kill the lice in 
the body linen of 62 men, each garment being wrung out +o recover the 
liquid as far as possible, 

6. A mixture of oils of lemon grass, pennyroyal and eucalyptus 300cc. 
each and powdered naphthalene 100 grams, when placed in pieces of cloth 
(6 to 8 drops) and fastened to underclothing at those spots where lice 
generally congregate will prevent breeding. Five parts of this mixture 
in 100 parts of alcohol, sprinkled on clothing immediately before ironing 
is recommended. 

7, As an emergency remedy the use of naphthalene in the clothing is 
quite satisfactory. It seems however that the continuous use of naphthalene 
is considered injurious to the eyes by some authoritiss. 

Clothing and bedding stored in buildings likely to be contaminated with 


lice should be treated with naphthalene. 
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Accoutreme The accoutrements of the men are often likely to be in- 
jured by heat or water. Treatment with trichlorethylene (CoHCL3) with a 
boiling point 88°C. (191°F) and a specific gravity 1.47 is therefore recom- 


mended. 


Treatment_of quarters. Another step as important as freeing the men 
and their clothing of lice is to insure that the quarters are thoroughly 
disinsected and the bedding clean. Otherwise no value can come from clean- 
ing the men, The usual practice seems to be to wash thoroughly all walls 
especially cracks, crannies and corners with 3 to 5 per cent cresol or 
carbolic solutions, or with kerosene, and then fill up as far as possible 
the cracks and fumigate with sulphur fumes, using 5 pounds of sulphur to 
1000 cubic feet and burning it in little stoves, keeping the room closed 
6 hours, 

Cyanide gas fumigation is more rapid but also more dangerous. The 
gas is generated by the addition of sulphuric acid to potassium cyanide or 
sodium cyanide in earthen jars, or wooden barrels, It is most safely handled 
as follows: Place in the jar or barrel 2 parts of acid and 25 parts of 
water to every part by weight of cyanide to be used. Arrange the cyanide 
in a package suspended over thé jar so that it can be released by the opera- 


tor, at a distance, by pulling or releasing a cord. The gas_is_ generatea 


very rapidly and is exceedingly dangerous. For lice 10 ounces of cyanide 


ee ee ee er ee er ee Ee en ees ee ee ee eee ee ee ee 
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is necessary for each 1000 cubic feet, with an exposure of 2 hours. This 
fumigation is strong enough to kill all bed bugs, fleas and cockroaches also» 
When the necessary period of fumigation is over, all doors and windows 
should be opened from the outside, if possible, and the building thoroughly 
aired, 

ersonal treatment. It is often necessary for the individual to use 


. \. oe ee an4 +5 oO he 
some kind of personal treatment in the absence of bathing facilities or the 
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_opportunity to change clothes. For the pubic louse mercurial ointment, 


commonly known as blue ointment is usually used. for the head louse, 
after clipping the hair, treatment with 2 per cent solution of caroolic 
acid should be effective. The eggs on the head may be destroyed by an 


ointment made as follows: 


Oil of lemon grass elerony 
Oil of pennyroyal 3CC's 
Oil of eucalyptus oCC. 
Powdered naphthalene lpram. 


To each cubic centimeter of such a mixture add 4 grams of vaseline and bidénd 
thoroughly, 

When powders are used they should not be used at the pubic regions but 
down the shirt and trousers. One of the most highly recommended substances 
is called N.C.I. (naphthalene $6 per cent, creosote 2 per cent, iodoform 
2 per Bene), 

A daily andointment of the body with a 25 per cent solution of tri- 
chlorethylene, or a twice daily anoiniment with a 25 per cent solution of 
petrol in vaseline is very effective in preventing louse breeding. For 
cleaning the body, bathing or sponging with soap solutions, containing 
2 per cent trichlorethylene, or 10 per cent tetrachlorethane, sive ex- 
cellent resulis. 


Precautions for hi 28s ™ receiving hospitals the fioors and 
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walls should be moistened with sresol or carbolic solution. The attend- 
ants receiving patients should wear ciothes with as few openings &s posse 
ible. A one piece suit was used by Maitland in Serbia, with the trousers 
ending in feet. It was fastened by buttons on the shoulders. bdandals were 
worn in the hospital. 
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Another good hospital uniform consists of boots, 2 smootn cape, sleeves 
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with tight cuffs, and rubber gloves with gauntleis. 
If possible, patients should be undressed and washed, have the hair 


cut and be sent to clean beds. 


Treatments for dugouts and trenches, Attention should be taken to 
cleansing frequently the bedding and other comforts kept in the dugouts. 
The walls should be scraped and the dust sprinkled with corrosive subli- 


mate and removed. Spraying the trenches with cresol or carbolic solutions 


should be of some value against the lice, and will help to keep away flies 


and other insects, 


Supplement to Lecture 3, LOUSE BORNE DISEASES. 

Since delivering thts lecture a number of interesting papers have come 
to hand. 

The British Trench Fever Committee's report, presented by Major Byam 
(Brith.Med.Journ, May 25,1918, pp.590-591) summarizes the findings of the 
committee under 18 paragraphs. They proved transmission of the fever by 
the feces of lice, that the disease is not native to the louse, and that 
thextauax it is not hereditarily transmitted, The feces of the lice were 
only infective on the eighth to twelfth day after the louse haa taken up 
the virus, proving 2 developmental cycle in the lice. Transmission by the 
bite alone was not odtained. The incubation period after inoculation is 
at least eight days. 

On the other hand, Dr.E.L.Opie (Journ, Amr.Med. Assn. ,vol,70,No.24, 
June 15, 1918,p.1888) reporting for the American trench fever committee 
claims that the fever is transmitted by the bite of the lice from 19 to 
25 days after the virus was taken up by the lice. This is probably the 


sum of the developmental period in the louse and the incubation period after 
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inoculation. They proved that the virus is not filterable, >but is inoculabdle. 
The patients were allowed to scratch, and probably tris was the way inocu- 
Jation took place. It is quite possivle, however, after lice nave been confin 
ed on the skin for a time and have consequently covered the entire surface 
with their excreta, that they may inoculate the virus when they puncture the 
Skin through this film of exereta. 

The official statement of the results of the American investigation 
with a list of names of the volunteers is given by the Secretary of War in the 
reto7a) Bulletin, June 18, 1918, Vol. 2, No. 338,p.1. 

Dr. E.Brumpt (Bul. Soc. Path. Exo t., Vol. 11, No. 3, March 13,1918, 
pp. 249-2585) discusses Rickettsia prowazeki Da Rocha Lima, tue socallea cause 
of typhus fever and claims that it is a coccobacillus and that he found it 


in 73.6 per cent of the lice (Pedi 


oe 


corvoris) from healthy prisoners in 


1a 


France. He found that these lice infected with this organism remained in- 
fective all their lives and therefore concludes that Rickettsia cannot be 
the cause of typhus fever, even though it may be transmitted by the lice 
to man and again taken up by them. In experiments on himself with infected 
lice he did not produce any infection. 

W. Dietrich (Zeitschr. f. Immunitdtsf., I, Origin., Vol. 26, Dec. 2&, 
1917, pp. 563-581) in studies of Weil's disease, infecticus jaundice, caused 
iroscnaudinnia) declares 


that the disexse can be carried by Pediculus corporis. 


4 


L. Convy, and R. Dujarric de la Riviere (C.R.Soc. Biologie, Vol. él, 


1 ~, 4. 


Sanvery 12, 191d, pps 2223) describe Spirochacta gailica as a provatls cause 
of trench fever. 

S.Toyoda (Saikingaku Zasshi, Nos. 250 and e590, Sect. 10, 2916, Apia 
20,1°17 - reviewed in Trop.Dis. Pull., Vols 20, p.271 Bnd Vol. ll, Dp. 203) 
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Report of a visit to the Marine Camp at 


Quantico, Virginia, June 19, 1918, 


At the invitation of Dr.W.L.}Mann, Post Surgeon, I had the pleasure of 
visiting the Marine Camp at Quantico, Virginia, and shan thet ths sntire 
day in going over the sanitary work, I was personally escorted throughout 
the day by Lieut.E.C.Ebert who is directly in charge of the sanitary work, 

I was especially interested to find two pharmacists mates, third 
Class, from Galifornia who are interested in entomology. These men are 
Messrs.0.D.Duncan and V.D.Bain. They have an entomological laboratory, 
and owing to the popularity of the laboratory an exhibition tent has been 
erected on another part of the grounds which is plainly designated by a 
painted sign. In this tent are living specimens as well as pinned specimens 
of disease carrying insects of the camp, and also models of the different 
devices used for controlling insects. The work of sanitation has been or- 
ganized by Lieut. Ebert in such a way as to obtain verv excellent team work. 
In fact, the whole organization of the Post Surgeon's office is worked out 
with the idea of obtaining the greatest amount of efficiency. 

On entering the office and a number of the laboratories, one sees a 
blue print showing in diagrammatic form the entire organization of the 
Post Surgeon's office. This is divided into two principal groups, the med- 
ical and the sanitary. The responeidility is fixed for each phase of the 
work and groups of men are designated for each activity. In the morning 
the chiefs of the various boards are given their instructions and they pro- 
ceed with their work throughout the day according to the instructions. 

The largest problem of the camp is necessarily that of mosquito con- 
trol because of the fact that there are large bogsy places in the camp 


enclosure, and.verv large swamps adjoining the camp which is located on 
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the Potomac River. Three separate groups of men are engaged in the work 

of controlling the mosquito, These are the ditching, the cleaning, and 

the insecticide details. Practically all of the swamp lands inside the camp 
have been ditched at least in a preliminary way and in most cases the banks 
of the ditches have been cleaned of vegetation. As some of this swamp 

jand is daily inundated by the tide water, it can be seen that the task 


of drainage is a very difficult one. On account of the softness of the 


ground, water often gathers in foot prints. This makes necessary a very 
thorough scouting for mosquito breeding places, 

It was in the department of the larvacide details that I found proba- 
bly the most interesting work at the camp. Lieut.Ebert has used his inge- 
nuity and devised a number of very clever pieces of apparatus for the dis- 
tribution of oil. Crude oil is used as a larvacide but this is very seldom 
distributed by means of a knapsack sprayer. The ordinarv method of sprav- 
ing is only used on the water barrels, and in cases of emergency, Lieut. 
Ebert has found that by saturating dry sawdust with drue} oil the oil will 
be given off slowly and more evenly. The oil and sawdust are mixed in 
approximately -the proportion of 30 per cent oil to 70 per cent sawdust, 

The details in charge of applying insecticides, prepare quantities of the 
treated sawdust and carry this on their rounds sprinkling a handful on 

the water in the small breeding holes. A small number of sawdust particles 
dropped in a puddle of water will quickly form an oil film which will re- 
main for a long time, In Heer of running water cross booms consisting 
merely of two any boards or sticks arranged in the shape of a "V" are 
anchored across the surface level of the stream, Behind these cross” 
booms a quantity of sawdust impregnated with oil is dropped. The boom 


is so arranged that a very small amount of oil will pass through or around 
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it. With a boom placed at intervals the running stream is constantly cov- 
Brest with a film of 011 which is not destroved by rains or by tide, as the 
boom is so constructed that it will rise with the tide, 

An even more clever device consists of a box with two sides screened. 
This box is filled with oil-impregnated sawdust and placed in the stream, 
the water flows through the screen and carries out a small amount case 
in a constantly forming film, 

Best of all, however, is an automatic oiler devised bv Lieut.Ebert 
by means of which a drop of oil, gauged according to the amount of water 
to be covered, is periodically released. It is hoped that he will publish 
a detailed description of this device at an early date. 

It would seem to me,from looking over these automatic oilers that 
possibly they would be of considerable value in the large tide water bavs 
of the Potomac. They could be sunk at regular intervals in these bays 
while the water is at high tide and replenished every three or four davs 
or whenever the supply ran out. A cross boom of boards anchored by wires 
placed across the entrance to the bay, with the exception of the channel 
portion, would assist in retaining the 011 film in the bay. It would also 
be advisabl»y to have the vegetation cut if possible. 

Up to date very few mosquitoes have been found breeding, these being 
mostly Culex. One small stream was found to be breeding Anopheles a short 
time ago but this has been oiled and the breeding has practically stopped. 

On ete of the amet size of the camp and the difficulty of se- 
curing contracts for the disposal of manure and garbage, they are dispased 
of by. incineration. Goekor Mann has given special attention to the sub- 
ject of incineration and has tried out many different methods, He recentiy 


published in. the Journal of the American Medical Association, vol. 70, pp. 
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996-997, a suunary of the methods used in the cisposal of waste. I had 
the pleasure of seeing models ot the temporurv hillside incinerators 

which are dDuilt in emergencies and also of the psr“anent and semi-per- 
manent incinerators used at the cisp. For hincling manure and garzaze 
on a temporary basis, an excavation is made in the side of a hill; over 


this are placed a number of railroid rails anc over these rails a wire 


screen of large mesh. A fire is built in the pit and the garbage ard oan- 


uré are dumped on the wire screen and co.:pletely consumed. In the case 
of the semi-permanent inyinerator the wiste is dumped on a boiler plate 


with a drain for carrving off the liquid. A fire is built beneath this 


and when the substance is coupletely drv it is shoveled onto another >ranch 


of the incinerator which also contiins 2 tire ind is completely consumed, 
The liquid waste flows into an ash pit about six iset in depth and from 
this drains through a sewer pipe into an evascration lake covered with a 
film of oi1. There is a grease trip in trent oi the sewer pipe, 

The camp is now usinz ior most purposes the permanent incinerator 
which is a small turlding with a furnace in the basement above which is a 
dome-like comoustion chamber. The refuse is durined from above into the 
evaporation chambers, which ure adove the conbustion chander, and f.117s 


on a grate. The gases which are tormed enter the combustion chasoer, 


The solids fall through to lower slanting grates and are firilly ceonsime?, 


A special chamber is set aside for the cremation of animils. The hum» 


waste is carried off bv sewage system which erties i-so the river. 


In the case of tne civilian emnplovees ct the cis »ho Jc vost ef the 
Sanitary work anc 2.380 othar tvyes of litor, .v¢ ths civils.in penul.tier 


of the tom, the sewize is on the oli stvle w:th s.mnitir’ boxes watch wre 
e~otied everv dav bY Gontriact and ths fee.) fi.sssr esrriec seme 2 ater ce 


iro. the cicgp where it is burned, 
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The camp authorities have absolute jurisdiction over the sanitation 
of the town and in order to enforce their rules and regulations thev have 
devised a svstem of grading all stores. "A plus" means practically pver- 
fectlv sanitary; "A" is good; "B" if fair and "C" is unsanitarv. Each 
store in the town is graded and the proprietor is permitted to place a 
sign in his window giving his classification. Of course the sanitary 
restavrants and markets are very glad to be able to place an "A plus" 
or an “A” sign in their windows. The other places find that thev cannot 
get business from the marines without raising their standard. “he streets 
of the town are graded in the same wav so thit the people feel the neces- 
sity of keeping their places clean. All weeds and grass must be cut and 
the garbaze and excreta must ve removed daily. 

The flv prevention work consists oi the prevention of breeding, 
screening, use of fly traps and fly paper. Contrary to the arrangements 
in army camps, the stables are placed in the opposite end of the grounds 
from the barracks. The stables have a single set of stalls. They are 
Cleaned daily and the manure sent to the incinerator. Once a week the 
floors are treated with cresol and crude oil and thev are sprinkled with 
a mixture of borax and lime. Evy this treatment the floors have become verv 
hard and the same result has been obtained as was tound at Camp Meade, 

A few flies are still breeding somewhere in the camo. Part of these, 
especially the blow flies, breed in the fish and other water animals which 
are washed up by the tide, The grease trap from the permanent in¢tinera- 
tor is treated with a substance called “coronoleum". 

No trouble has been experienced from lice. 


In one instance recently a number of mattresses requisitioned from 


the Quartermaster were found to be heavily infested with bedbugs. This 
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resulted in the immediate treatment of the building in which these were 
placed with sulphur fumigation and the cleaning of the bedsteads with 
turpentine. The mattresses also were given very thorough fumigation. 

In only one kitchen has there been any trouble from cockroaches. 

In this case, apparently the person responsible for reporting the condition 
of this Company's kitchen overlooked the presence of cockroaches in the 
storeroom. It was virtually alive with cockroaches but a detail of men 
was very vigorously combatting the pest. All of the foodstuffs were taken 
out of doors and the kitchen and storeroom were being sprayed bv means 

of small liquid poison guns, using a substance called “kil-~bug". This was 
being shot all over the walls and directly at the cockroaches. Judging 
from the odor it is one of the cresol compounds. The walls will also be 
treated with gasoline and then sodium fluoride will be sprinkled around, 
It will probably require two or three inspections before this ore kitchen 
can be completely rid of the roaches, This discovery immediately resulted 
in the tightening of the regulations and a slight reorganization in the 
method of inspection so as to prevent a recurrence. 

The garbage from the kitchens is placed in cans which are tightly 
covered and kept in a small screened shed which is whitewashed, By means 
ef this method flies are largely prevented from congregating around the 
garbage cans. When the cans go to the incinerator, they are thoroughly 
washed and treated with disinfectants. 

The supervision of all the manure and garbage disposal is wader the 
medical panartment but the disposal is under the quartermaster, 

One of the most interesting things about the Quantico Camp is the in- 
struction Beak the hospital corps in practical sanitary measures. In 


order to make this instruction as practical as possible the men have con- 
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structed, under the direction of Doctor liann, models of many different 
devices, These are all located on a hillside and each device in plainly 
labeled. Here I saw models of the temporary hillside incinerators, and 
also a hammock incinerator composed of two wire hammocks hung from trees 
under which a fire was built, the manure being placed on these hammocks. 
and completely burned. There was a model of Hutchison's magsot trap in. 
operation; also models of camp kitchens, camp eating tables; receiving 
stations for wounded men; a model of the Serbian barrel steam disinfector 
and various other types of temporary expedients for disinfection. Manv 
of these are made out of clay pipe, some are made out of brick. The men 
are encouraged to devise ready means of making whatever they need. At 
least four types of latrines used in the camp were on exhibition. These 
are known as the box, bench straddle, and incinerating tvpes of latrines. 
In the case of the first three types, the pit is gradually filled with 
earth and lime, while in the incinerating latrine these is a fire built 
each night which consumes the waste. There is also a urinal soakage pit. 
A visit to this camp by members of the class would be very instructive. 
naval . 

A class of thirty/medical officers was visiting the camp and receiving 
instruction in the various methods of preparation of such devices, and I 
was asked to give them a talk on medical entomology, I mentioned the gas 
tight stall sulphur fume treatment of horses for scabies and one of the 
doctors suggested the possibility of using this same method for the treat- 
ment of men, The suggestion was to place a man in a box such as is used 
for a vapor bath, and it was also further suggested that the men wear a 


gas mask so the head could be treated, 


PA HALAL 
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| PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


a96= es 55 


OF DISEASE, rr TGIENE AND SANITATION. 


Zur, 24, 1918. 3:40 p.m. 

The seventh session of the class was held in Room 41] Bieber Build- 
ing in the presence of the following: Abbott, Parber, Passeches, Boving, 
Caudell, Dusham, Gahan,Gibson, Hoffman, Kneale, Kovinsky, Moies, Perrine, 

Pierce, St. George, Sanford, Sasscer, Scott, Snyder, Swartzell, Weigel, 
Whitcomb, White, 23 in all: 
Doctor Pierce exhibited additional improved enlarged photographs of 
s corporis, especially of nymphs and adu’t female, after which he 
read the lecture on “Control of lice”. 

At the suggestion of Mr, Kotinsky, Doctor Pierce oromised to exhibit 
before the class at a “ater date sonples of the suottances used in dis- 
snséction referred to in his paper. 

Doctor Pierce also read hns report of a trip to Quantico. Sug ggestions 
were called for to combat Anopheies larvae in ceey water, &150 for a fly 
trap bait easily prosurable at cantonments. A very anteres ting discus- 
sion of camp problems follswed. 


Requésts for Proceedings continue to pour in from ontomologists and 


2 
44 is necessary to run off jarger editions, Many of the correspondents 
congratulate the class on its formation and growth and the prophesy is 


being made that the need of cur services will v6 eros.t before very long. 


Every phase of the activity of each member of tue glass will count 


in the final summary, ence repistry chowirg niteoa we is 28 essential 


ag anything else one may do, end no one can 0 too wach. 


Jacch Ketinsky, 


q Secretary. 
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Lecture 7. THE RELATION OF CLIMATE AND LIFE AND THEIR BEARINGS ON THE 
STUDY OF MEDICAL ENTOMOLOGY. 
W,Dwighs Pierce. 


July 1, 1918. 


It is necessary to step aside from our course of lectures on insect 


borne diseases and their control to study a very vital biological subject. 


All animal and plaat life has its being ard reacts according to definite 


jaws in which we find the climatic factor of vrimary importance. We cannot 
go far into a subject with as many interrelationsnips as medical entomology 
without finding it necessary to know something of the climtic laws which 
govebn the lives of the various organisms concerned, 

In the lectures on the biology of the lice attention was especially 
called to apparent discrepancies in the interpret.tion of climatic effects 
on the life of the lice. Throughout my readings I have found a hazy no- 
tion of the importance of temperature and ctil. hazicr nections of humidity. 
Theré is a great deal about these factors which hneip to govern life that 
no one knows, but it will pay us to have @ cleariy 20% out statement of 
some of the most important principles as now wer sreyooGe 

On a proper understanding of the relations o” ternserature and humid- 
ity to the life and development of inse cts, animals ani disease organisms 
depend all transmission experiments, all eSforts in keeping alive the var- 
sous creatures involved, all interpretations of results and many practical 
measures of control. 

I will try to state this difficult subiect in as simpie language as 
possible so that you my 311 see the basic vrineinies 2t least. 

Every one of us knows that cold and heet can cause pain. We have 


* : 1 2 - i ae aera ae 
indeed a clear understanding that cold and heat kill, We recognize tne 
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fact that we seem to work best under conditions when we are absolutely 
oblivious of heat or cold, dryness or moisture, We have felt stupid in 
murky weather. We have felt parched and dried from extremely dry weather. 
In other words we can now recognize four conditions whicn may affect our 
well being, cold, heat, dryness, moisture. These cannbe expressed on two 
scales - temperature and relative humidity. In other words we should be 
able to chart ovr own susceptibilities to these factors by running for ex- 
ample a temperature scale vertically on our char’ paper and a humidity 
Scale from zero to one hundred per cent saturation norizontally. 

If we picture our reactions om those of the creature being studied on 
such 2 chart we will better understand the sudjoutse In the lewer part of 
the chart we will locate certain temperatures which aiways cause death from 


cold. These may be snow as APSOLUTE FATAL TEMP ORATURES } 


| ade be. a hbd » Wl 


Now a common failine in the past has been to assume that humidity had 


Bee. z 


"jfe, It does have a very 


ct 


nothing to do. with the effect of emoeratures on 
decided bearing. A creature which can stana 4 oevtain degree of cold ata 
given humidity may be abcolitely unavie to stand that same temperature and 


another degree of saturation or relative hucidizy 


oe Aég 


Our absolutely fetal temperatures therefore wil form some sort of a 
gone on our chart and this zones will probao.y ve bounded by a curve. We 
call the temperature below this curve the LOWEP ZCNH OF FATAL TEMPERATURES, 
Death caused by cold is called RHIGOPLEGIA. 

Slightly above these absolutely fatal tenreratures will be a zone of 


temperatures which might cause death if exoerienced cuffs y long, but 


tay) 


which at least cause a conplete suspeusicn nf ail aosrvity. And stizE 
* * £ . ec bs Be aoa tne a 4 aa: ice ae ' 
higher will be temperatures which also cause suspersic2 oO: acvivity but 


which do not cause death even when experienced for very iong neriods. 
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Formerly this suspension of activity by animal life on account of cold was 
called hibernation iach wean winter rest. I have show (Pierce, W.D. 
1916, Journ. Agr.Res.vols5,90.1183-1191) that this sane inactivity may be 
caused by dryness or heat and possibly by excessive humidity and that a 
creature may remain in the same state of inactivity from the heat of summer 
through the coid of winter and be awakened from it only by the addition of 
a requisite amount of moisture at effective temperatures. We must seek 
other terms than hibernation or winter rest and aestivation or summer rest, 
As this rest consists essentially of an almost complete cessation of all 
bodily functions, and is a state of insensibility, we may very properly 
designate the socalled hibernation as RHIGANESTHESIA, or insensibility 

due to cold. This state may be acquired natura’ iy as winter sets in or may 


be artificially induced at any time of the year cy lowering the temperature, 
y ‘ = i 


The temperatures inducing RHIGANESTHESIA are grovped into the LOWER ZONE OF 


oOo 


a 


INACTIVITY, or the ZONE OF REIGANSSTHESTA. 

As the temperatures increase a creature in the state of rest or rhig- 
anesthesia commences to show slow movements cf the body fluids, and slight 
jerky motions, which increase with increase Brera re ice 


! . 
or anastasis when caused by temperature change is 2 TFEKMANASTATIS, 


awakening 


The approximate petutiat any given hunidity at which thernanastasis 
begins is the ZERO OF EFFFCTIVE TEMPERATURE. It must be teniy fixed in 
your minds that there is not a single zero of effective temperature, but a 
different one for every degree or portion of a degres or relative humidity. 
In other words at one humidity the awekening my occur at cone température 


and under other conditions the temperature may be considerably higher or 


lower. These points: can be connected by a curve which represents the lower 


(i Laveutico of seg wintoe 


i 


-¥ 
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limit of the ZONE OF ACTIVITY or the THERMOPRACTIC ZONE, meaning a zone of 
effective temperatures 
Many authors have manifested considerable confusion in their writings 


other authors were incorrect because 4 certain 


ct 


and have even claimed tha 
developmental period or reaction was accomplished in their experiments at ¢ 
given temperature in a certain period of time while ‘the other investigators 
obtained totally different results. A man working in a moist coastal sec- 
tion could not justly compare his vesults with those of a man working in a 
drier section uniess the conditions of humidity were recorded also. For 


3 


this reason I have maintained that laboratories attempting to correlate 


temperature with life history must at least be cauinped with maximum and 


minimum thermometers and a sling psychrometer for cetermining humidity, 
and that accurate resuits are based only on a recording hygrethermograph, 


checked by the above mentioned instruments. 
The great bulk of work naturally is upon the reactions which take 


place in the zone of activity. 


It must het be forgovten however that eovtrol work depends often upon 


a correct knowledge of tne lower zone of fata] wempsin-cures ,; 


cegsful storage of oresding material until the zrvestigateon is ready to 
oO ‘aor oe 


use it depends often uyon a knowledge of the rec 


Following the awakening the body takes up ali its natural functions 
ead we must assume that sustenance is availabie- ‘the first activities, at 


temperatures just above Z2Gro, are naturally very giugsish and this state of 


: \* NPAT ANI LID atep se. wanes 4 °-1586C ay 
sluggishness may be Known as RUTIGONOCHELIA, or slugeisrnses caused by cold. 


3 4-3 5 Se tee nen Ne ea ow 
Some creatures ere very sencitive to cold, vsueliy wren tne humidity 


is high, Pain produced by the application of co.d is called CRYALGHSIA. 


An abnormal sensitiveness to cold is known as CRY TESTHSSIA; and a moroid 
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sensitiveness 2s HYPERCRYALGESIA. These sensations are probably only ex- 


perienced with a decent of temperatures, 


@ 


In the zone of effective temperatures or thermopracticzone there is 
! 

point or a small restricted zone of temperatures at which all activities 
are most effective, that is the greatest amount of work is caused with 
the least amount of exertion and the least loss of energy. This is the 
so called OPTIMUM, or perhaps better, PRACTICOTATUM, meening most ef- 
fective. As temperatures ascend to the practicotatum any given function 
is performed in proportionately shorter time. As the temperatures ascend 
above the practicotatum they may be done more rapiciy but less accurately 
or less effectively as, for instance, more eggs may be laid but fewer hatch; 
put the activity is feverish and soon exhaustion vckes place, or the in- 

vidual gradually becomes more etupid and sluggish. This heat sluggish- 
ness is therefore to be called THERMONOCHELIA. 

Different reactions to heat may be experienced and these have all re- 
ceived appropriate designations. As for example a stifling sensation 18 
called THERMOPNIGIA; an unusual sensibility to hest THERM fALGESIA and a 
more intense sensibility HYPERTHFRMALGESIA. The ahility to recognize 
changes of temperature is THERMESTHESIA and its extreme is cesignated as 
THERMOHYPERESTHESIA, an abdormal sensitiveness to heat stimuli. A fond 
ness for heat or requiring great heat for growth is called THERMOPHILIC, 
while resistance to heat is called THNRMOPHYLIC. ‘When a stifling temper: 
ture is experienced rapid breathing or THERMOPOLYPNE.. is often experienced. 
Contraction under the action of heat is designuted a3 THERMOS YeTALTIC. 

The adaptation of the bodily temperature to that of the environment 
PECTLOTHERMAL. A morbid dread of heat is TYRRMOPHOBIA. The determination 


of locomotion by heat is called THERMOTAXIS and movement brought about by 
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‘heat THERMOTROPISM. 


As the temperatures increase sluggishness increases until sleep or in- 


G 


” 


activity bs induced and this condition once known as aestivation or summer 
rest may better be known 48 THERMANESTHESIA or insensibility caused by heat. 
The point at which anesthesia begins at any given humidity is the upper 
boundary of the thermopractic or effective zone. Those temperatures at 
which successful Tnermanestnesia may be experienced embrace the UPPER ZONE 
OF INACTIVITY, or the ZONE OF THERMANESTHESIA. This quickly merges into 
those high temperatures which may with sufficient duration of time cause 
death, and finally those temperatures which are absolutely fatal undep all 
conditions. The highest zone is therefore the UPSLE BONE OF FATAL TEMPERS 
ATURES, Death from heat 33 known as THERMOPIGIA, or heat stroke. 
Most investigators have stopped with a more or less hazy ackhowledge- 
ment of the existence of these various Zones of reactions on the ascend- 
ing scale of the thermomevser but the literature contains few references to 
gimilar zones of reactions on the scale of relative humidity. However if 
we stop to think we must acknowledge that similar yeavutions do take place. 
We may have death from absolute dryness at airost any temperature, ia 
other words we have a condition which 4g called APOXERABNOSIS, or drying up. 
At very low humidities one my become insensible and thus we have XERANESTHESI? 
Likewise a little higher humidity induces sluggisaness oF a state of XERONOCH- 
ELIA. We have most of us experienced this condition of stupidity in a living 
room at normal temperatures in the winter due to lack of sufficient moist- 
ure. So also there is the humidity which enables 220% individual to ac- 
. complish the greatest results in the least time with the least amount of 
exhaustion and this is ths PRACTICOTATUM. With increase ef hum dity 


5 s : ae te anhe nos ¢ a) ae 
activity lessens until an excessively humid avmospnere brings avout 
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HYGRONOCHELIA or sluggishness dve to moisture; then HYGRANHSTHESTIA may be 
experienced by some species and finakly death due to excessive moisture or 
HYGROPLEGIA. 

This makes it obvious therefore that when we plot the reactions of a 
species to temperature and humidity, we are likely to find a series of 
closed figures delineating zones of fatal, inactive, active and optimum con- 
ditions, Thus it is apparent that Rhigoplegia, Apoxeraenosis, Thermoplegia 
and Hygroplegia forma single zone of temperature-humidities which cause 
death ~ this whole zone is the fatal or OLETHRIC ZONE. All other conditions 


of life lie within it, the next zone being that which includes Rhiganesthesia, 


Xeranesthesia, Thermanésthesia and Hygranesthesia, the whole Zone therefore 
being the ANESTHETIC ZONE, or zone of rest, which includes the conditions 


known as hibernation and aestivation. Within this 13 the TI HARMOPRAGTIC 
ZONE or zone of effective temperatures, which is naturally made up of sub 
zones representing degrees of activity as the MOCHDLIC SUBZONE of sluggish 
activities on the outside and the PRACTICOTATUM at the center. 

Temperatures and humidity affect every bodily funevion of every crea- 
ture of the plant and animal kingdom. Some creatures may love cold, some 
heat, some dryness, some moisture, The pattern of their reactions will 
therefore shift from one place to another on the chart. Some creatures 
may be so resistant to cold that fatal temperatures are never normally ex- 
perienced and rarely artificially. Some may be very resistant to dryness 
and others capable of standing any degree of humidity. In case of plants 
the root system receives one set of stimuli snd the upper portions another 
so that the interpretation is not as simple as with «uinals. 


In the different stages of growth a creature may have different abilit 
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If the approach to unfavorable or noneffective conditions is gradual 
the body gradually adjusts and adapts itself for entrance into a dormant 
state. We find adaptations against cold, heat and dryness, often in cysts 
or in cases constructed by the creature, and in fact some of these pro- 
tective cases are made of substances impervious to water. In the state 
of encystment far greater extremes can be experienced than in the normal 
state. 

Successful dormancy often depends upon the rapidity with which it 
was brought about. Most creatures practically free the intestinal canal 


before entering a resting stage. 


A sudden lowering or raising of temperature may be fatal at tempera- 


v 


tures which would nermally be easily withstood if appeeacked gradually. 
Alternation of temperature if sudden is often fatal at nermally ef- 
fective temperatures. A creature may Decome dormaat with descending tem 
peratures at a higher temperature than it would 2ewaken with ascending tem- 
peratures. 
A continuous maintenance of an even temoerature and humicity is more 
or less enervating. A climate which has sufricient variation to allow 
certain periods of rest from cold at night ang hexs in the day ig probably 
productive of better results, It is possibie in a given dey for a creature 
to have two active-and two dormant periods. fs for exsmple observations 
of many insects will show that they sleep during tae solid parts of a night, 
are active during the morning, sleep during the hotvets part of the day, are 
again active in the evening and early parts of the night. It is also notice 
able that on humid days many snsects are inactive yut a8 soon as the air 
dries they Se resume activity. 


7 446 a- 14 Te > ed ae ant H 1% 
Many investigators have failed in keeping insects aliivs for experimen 
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because of failure to keep sufficient water present for drinking purposes 
and evaporation. 

As long as any creature is experiencing effective temperatures it must 
have food available to take when needed. Long periods without food at non- 
effective temperatures can be experienced, but at effective temperatures 
the length of life is felatively short. This is 2 very important point in 
control work with all insects. If you can deprive them of food for a suf- 
ficient period when the climatic conditions enfcrce activity then control 
is easy. 

There are many very difficult points in this question. Inasmuch as 
noneffective temperatures and also noneffective huividities may be exper- 
jenced each day, it becomes necessary to make c.9b0rawe studies to ascer- 
tain the boundaries of the thermopractic and hygropravtic zores, and only a 
thermo-hygrograph record sheet will enable one “o make any kind of a satis- 
factory study. 

There is a rule which receives much support that a given reaction or 
stage of development will take an almost constant total effective temperature, 
which is the multiple of time units by temperature units accumulated above 
the zero of effective temperature. To compute this one must first eliminate 
all time, temperature and humidity which was noneffective whether at the top 
or bottom of the scale. For ifistance, if at 60% humidity the temperatures 
65° to 85° are effective, and during the day the temperature ranged from 
§0° to 90°, but only during eight hours at the effective temperatures; we 
must multiply the period 8 hours by the mean temperature experienced between 
65° and 85°, considering 65 as O and 85 as 20. The result is the total ef- 


fective temperature of that day, Adding these total effective temperatures 
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during the total period of the stage we obtain the total effective tempere- 
ture necessary to bring abcut the perfection of the stage. Nececsarily 
this is a very complicated proposition which few will desire to work out. 
Nevertheless once worked out we can establish laws of control which are of 
utmost value. 

Many of the coming lectures will refer to tae principles jaid down in this 
lecture and lines of rescarch will be suggested leading toward control 
measures, The charts given below should be studied in connection with the 


lecture. 
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A sample Hygrothermograph Chart with zone of effective temperature 
marked, 
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‘on the chart. The total effective temperature, provided all maniad en ‘exper= 


ienced is effective, is the sum of 1,2,3,4, and 5 ineasured in hour units 


multiplied by the average temperature experiercec ir tre zone of effective 
temperature computed above the zero line. In this example ne ®« gero, This 
average temperature can be figured by measuring each wwevereda quadrilateral 
figure with a polar planimeter following the zero base line ani the hour lines. 
This gives the square inches,which divided by the length cf thse base line 
gives the average héight which can be measured on the chart arid converted into 
 degrées, 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 
OF DISEASE, HYGIENE AND SANITATION. 

July 1,1918: 3:40 p.m 

The eighth session of the class was held in room 411 Bieber Build- 
ing with the following in attendance: Abbott, Barber,Basseches,Dusham, 
Hoffman, Kneale,Mason,Moles,Perrine ,Pierce ,Rand,St.George Scott ,Speare, 
Swartzell,Vierheller ,Weigel,White, 18 in all. 

Doctor Pierce read reports of insect conditions at three army canton- 
ments. 

He then delivered his lecture entitled: "The Relations of Climate and 
Life and their Bearings on the Study of Medical Entomology", using wall 
charts Se explain his meanings, Incidentally he showed a diagram of a 
tentative chart of the responses of man to temperature and humidity ,; 
pointing out Rosenau's comfort zone of 32 to 55% humidity and 56 to 70°F, 
as the Practicotatum or Optimum Zone. In the thermopractic zone he re- 
ferred to Huntington's “best work" zone obtained in humid New England as 
between 50 and 60°F. and 65 to 80% humidity, which z6ne lies on the same 
axis as Rosenau's zone, In the sluggish or nochelic zone he referred to 
Huntington's "rest necessary" at 80°F, and 80% humidity, Huntington also 
records death from heat stroke at 98% humidity and 89°F, These points 
serve as a beginning of a chart of human responses to these two factors. 

0,H.Basseches, 
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wt 
“y 
= 
ae 
e. 
: t 
> 
be eta x 
pe as 2 
ae be 


a 


t ’ 
f 
— il bed 
ctprce 
. 
, 5 ‘ ae Ye i With 4 
- > 
ate . tLe ae Cd 
ae) ae eo en, fa 
5 #¥ “ y 
eras a oe hs 
2 ‘ 4 
Sud 148 
. 
4 he 4 eee . 
; si "i “4 
2 fn ee a A 
} * roe od 
< Aon, & . . 
3 . 
Ae a M4 oe i. 
ar ’ oa ’ 
, a rege ” 
2 
Soe ae} , 
ae spied es » 
+ >. 
' e+ 
aS - 
Je ‘ >) a 
i ‘ 7 
- ti? toe 
ea 
af < e Lan 
> “Peieaee a) sea Pi 
< a 
‘ 
ce Te ye ee aes 
‘ at ee hay 5 pana : 
- iJ P 
Sy Sey 
oe ie % - = . 
ai 7 
+ 
. sy eas y ach 
+a e =. 
‘ 4 #% 
fo . 
i _ - U 
oy eee ane ; 
Pe haetig Suan ke aii er — 
es pert. so 
. * 
ee ¥, . . 
5 ee ee oe Ua 
eres 
~ ae eu «a % } secs 
7 * Pipe oe 
' 
st a 
of ee ms 
. oe. a J 2 Vleet 
a. : 
‘ Astin Bis P se 7 P 
i >. ve 
rae 
é a : ’ / . 
ed # ¢ ech a th al ‘ - ‘ 
‘ oe ee wae Ce 
tok 
J pees pe Se tad 
. S05 Home es or) ye ee , «+ 
Ee ee» el: 
<= Can 2 





~1h0- 


DO__NOT READ THIS PAGE UNTIL YOU. HAVE PAPER 
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DO__NOT__ LOOK _ ANYTHING__ UP. 


These quiz questions are merely a mental drill. They are to be ans- 


wered as soon.as read and immediately mailed to the secretary without cor- 


rection, so that proper record can be made of your participation in the 


work, You will find these mental drills very helpful if carried out in 


the proper spirit. Do not be ashamed to send in even a poorly answered 


sheet. 


ti. 


(12, 


ce er 
14, 
15. 


16. 


17. 


18, 


19. 


20, 


It will give you more credit than none at all. 


QUIZ QUESTIONS. 


—S ae ee en a ee eS eS oe 


What insect transmits typhus fever and in what ways? 


Name five diseases transmitted by lice, and the causative organ- 
isms if known, 


Describe four methods of killing lice in clothing. 


What dry heat exposure is fatal to lice? 


How can you kill the head louse? 


What substance can be used to kill the pubic louse? 


Who was responsible for stopping the typhus outbreak in Servia? 
How did he do it? . 


Name one or more investigators connected with the proofs.of trench 
fever transmission. 


Describe method of killing mosquitoes in running watere 


Describe a complete delousing of an army unit. 
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Work these questions over carefully. Some day you will have to solve 





them in actual practice, Work out your theories now. 

5. If you took charge of a messhall, the kitchens and store rooms of 
which were badly infested with cockroaches, what measures would you take to 
completely rid it of the roaches? 

6. If you were appointed sanitary officer of a municipality, what regu- 
lations would you make to reduce fly infestation of a large indoor and out- 
door city market? 

7. If you were a householder and by accident bedbags became established 
in one room of the house, what would you do? 

8. When you are traveling in rural districts with open privies and un- 
screened hotels, what sanitary precautions can you personally take to best 


insure your own health? 


Lecture 8, DISEASES BORNE. BY. NONBITING_ FLIZE 
W,Dwight Pierce, 

It will be necessary in discussing the role of flies in the trans- 
Pasion of disease to divide the flies into several categories, because 
go many species of thé order Diptera are involved. The lectures dealing 

with the flies may not follow each other in atrietis logical order be- 

cause we are endeavoring primarily to look at problems of the hour and we 
can set aside certain subjects for a later date. The flies pan be divided 
into two large categories, those which bite ene those which do not bite but 
rather sip deste food, Two excellent monographs on the relations of flies 


' and disease have been published, that on the non blood suckers by Graham- 


Smith, and that on the blood suckers by Hindle, 
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This lecture deals with the non-biting flies only. Among these flies 
are to be found the principal house visiting flies, foremost among which 
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bottle blow flies Calliphora momitoria and C. erythrocephala, the green 
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The mouth parts of these flies are constructed only for sucking or 
Sipping liquid or semi-liquid foods, In this Rents f can give only a 
very condensed statement of the relationship of these flies to disease. I 
would recommend that you devote some of your réading to the books by Hewitt 
and Graham-Smith quoted in the bibliography. In these books the evidence 
is given in great detail. 

Among the most striking of the investigations into the capacity of non- 
biting flies for the carriage of disease germs are a series of three excel- 
lent papers by the Italian investigator, Cao, whose work is overlooked by 
many subsequent writers. In fact I have found but one good review of his 
results. And yet his investigations opened up the way for practically all 


of the work on bacteriai transmission by insects. Working with larvae and 
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up and pass through their intestines any bacteria in their food, and that 
ali four species acted exactly alike in this regard. Except where he 
specifically stated his results applied to all four species in every in- 


stance. Step by step he proved that fly larvae take _up bacteria from their 
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period in the intestinal canal, and some even may multiply therein} shat 
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These facts were worked out by Cao in 1905 and 1906, and yet Graham- 
Smith credits Faichnie who worked in India in 1909 with being the first 
one to suggest that bacteria ingested by the larva might survive the pupal 
stage and be present in the intestine of the adult. Later Bacot, and also 
Ledingham in 1911 and Graham-Smith in 1912 corroborated these claims that 
the bacteria could persist in the body throughout the metamorphosis. 

Ledingham (1911), Nicholls (1912), and Graham-Smith (1912) have shown 
that the fly larvae have great powers of inenevnd micro-organisms due to 
ite fact that many of these are not adapted to the conditions prevailing 
in the interior of the larva and pupa, or perhaps more correctly due to 
the hostile action of bacteria which more normally frequent the intestines 
of the larvae. These normal inhabitants of the fly intestine are princi- 
pally non-lactose fermenting organisms, 

Not onty bacteria but also protozoa, such as the amoebae of dysentery, 
and the eggs of parasitic worms, may be ae up by fly larvae or adults 
and deposited in the feces. Beret Sane out the fact that multi- | 
tudes of the amoebic dysentery germs taken up by adult flies and deposited 
in their feces die because of the rapid drying of the feces, and hé credits 
the fly with being a great agent in the destruction of multitudes of pro- 


tozos, while granting the equally great opportunity of the fly to contaminate 

































































‘ % vena ter ‘ y 3 e rae 2 gee : < ee 
. ae : . . » 4 a a § swe . wee ee 
ade = oboe ” > Ps Sar ve 72 Be " © ec ee ’ . See 
hale ihe: Tod i : ay vate aie re baer Pi A ee 
4 ; : jaws a Ras ela, = Sees & Piotr as aes a - st, ais on Brg . 
. 4 & ort ive <a: ae ano ie ry 
t : . et ea ae aie i ye Tie et ha i ’ 

b . “ . Ce Cr id ee ere er ee, Se =i on 7 
eT ae E Seem re ae 
co is deat URNA wks fs Py fetaeks i ' a Gres 

; q rae otis ze oe ee a . . Dy coomy ey ey wv See 
re te eee » sone wyaw 4 re: “s f 
: fy Aa, oh mous # . Reavy salon ater f «= -? as 
a ae 4 ata D Ryedtens = A als ‘ a ‘ 
e ye ey he A Te S peg? eo st, + 8 eh: a ‘ 
a) Be a teas ahs. ’ Ce an iy. 3 *- BOI Ce Side sy i » uht . Re 
ae ee he oe . bona we tae pet tke © WA ome ra ooee Te “oF ‘ * 
- : * ; , . 
y wea % . “ é 4 ee os weg oh 
’ 4 ‘a een a re ae ‘ 8 aye ‘ % Pa ‘s ae 
oe . . . . . - - * ’ 4“ - . “a ‘ Md Zt On : ss 
‘ ge as - Bo ere) ; Ae Ue es eer et ee A Lee oe : : 
a i te ‘ boas FF i é if ' cS yg in,” m fc) ie cae Pick ue he : bia ° ‘ 1 ; 
‘ 
‘ ‘, “y ib a: f ee ae 7 ‘ * ‘ , ’ ou + te eee “te” 
See Paes ae ag eS t a ie b a. u cays ot vate . : ; “ ” ae 
; a Shan <A te ey mae ' re ey he ab ais + by ely eee 
Se oe patie dikes e Si sua pte pit. Siok eer OMI Sl 
. , P _ io oh . = ‘ . Se rie = . << be, ¢, “) "s os win ae me 
vats. J gay eet. wet pe fary = ogie aw pak toe og Si gn Pelt a 
a ag ot : : RC Ode es La ane ah he SEARS coe atin werent. : Pe ee 
. Bast 4 Rai - RES wrest LAY 7 a 5 afte. Uy) uk biogas I ' * x 35 ae Ws) ie 
‘ -: ° ‘ * P 2s ‘ 
- st eke eee Fre Bis Aan a eet reery bas Pee thse : re ne is 
' igor ye WS IRES Jigme rae Peer eee ie aa Free? eerie aoe oe ther, ea, Lo" ae CANN aM ap 
nh one ae Ws © iebiee te SP a ; Gare ent Resale kane ry aS: we See 
, b NRae ys. cr te ae Sali at eh ee ee eB eee ee He Pa ag 
FA - . } if] se ’ 
>, at here rus rd 3 ’ ~ Sere . . 5 Ty Me tS . , 7 » 3 
' Boy aga ulints Bas pevir oy PONE td ae Tae et kN i RC Si Gann 
Sa af ¢ at HIE ge os ‘ . nity neh EAR Bop gates mw Se “e im te ot S ty cikevee t yert A “y rosy st nee 
Es apere pie a PM bet Neieebe Fae ces lesen WS i Prem Car ar ESky aioe OO > SL” ree re os 
. 
Re Sp ; ; 2 os “3 ‘ ; 
- “ . ‘74 io“ ' 7 te py On . 3 ‘ wee - 5 P v2 ey ques eg 
‘ Mehy rae 2 ee Cs dp P « ae a fe a Cd et So Sal ee Be 4 pe a” ag pa 4 Fe | i" 
. ‘ ) . { , J * 4 ye * 
Ai. ‘ . oa rans sw , . Day oF ve ” nerf s a) 5h La WO Sides ¢ ’ 
at a pte fhe ai Hes Wy se a RELak koe. Vase : te Sonar 
1 6 . ‘ ry . , ca 
ences ie “+ ‘ rs . ae 2 os « ‘ «hb wey ghee = at ee yet ¢ = 
ea ie OES os ova La at Biante he eee Ada Se he ye Pe : . 
; ee Uh : 7 ‘ 
Pee Eee Pte . H ‘ Ay Suva as ‘ $ 
. . é ‘ 
a ’ S ie ars ee AE eek ; ee ’ - re . 1 pan 
; r as? - ae CS oR ge 1g cine 4 : ’ Be os aoe neg ce) oe ‘ oi ot Fs 
E ‘ e : F ‘ er : A” ORS 
~ . 1 2 e . ‘ , ’ . wets H ” - . r| 
c : wo. 5 at eer N y ‘ mA A Neg at so tare ke Has vibe : 
: ‘ 
s 3. ot dy 
wu! io + Bs , 4 : v , ~ . 
re t.* ' ‘ $ . ‘ tyey . 7 e ar Y. 
rig Af 13 = Pr, oa ews i be Cy ee ay DY Wake! aa as Ee nes . a it ee rhe 
. > . Pp ih wis . = .* ’ rr eee ’ de ‘ P ' 
BPE SP gY g . tees! ; P . 4 Neer cue re theo peat ies ae aa 
f 4 a P oc “ye ; Witte rs ao 10%, rf * | panto eha r Py 
re Sate Voy S$o-s, ue Verge sob 5% wd riz fon 4+ a} ’ Se TO ” Fo at vatie ° doe 
, , 

= oe - 2 ea ; are Peas * kin ’ ee es ‘ , ce ¥ t 

ee SUSY Rh Tatton & b PR a. wie patie cine od - Mia gi are, i She os cated ars 
_ oa > ey ee ‘ . wae “4 . . ‘ ; 5 
ee. : we, Le ee ie yp Ae ee i é oe ps ee 








-114- 


food therewith. 
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The larvae as well as the adult flies contained the eges of Ascaris, 
Nicoll (1911) has very thoroughly investigated the relationships of 
flies to the possible carriage of eggs of worms and demonstrated the abil- 
ity of adult flies to ingest the eges of various species of worms, pro- 
vided these are small enough, and to pass them aut whole in the feces, but 
in all his experiments with the larvae he found that the eggs were crushed. 
In addition to the ability of flies to carry disease germs in their 
body, there are multitudes of proofs of their ability to carry them also 


on their body and to deposit them when they feed, 
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contamination either of food, water or wounds. Most of the flies which 
Frocuent houses and food or visit man because of attractive secretions 

or injuries also are attracted to and breed in excreta or garbage. Hence 
the contamination of food by direct transportation from infected excreta is 
a very simple matter. 

This contamination may be by the simple depositing of disease germs 
carried on the body of the flies, or by regurgitation, or the deposition 
of feces. Wherever a fly alights and remains a few minutes it deposits 
either vomit or feces, By the nature of its breeding it is hardly to be 
expected that these deposits will not contain some kind of bacteria, and 
possibly protozoa or worm eggs. If these deposits are made on the moist 
media offered by foods the germs may easily retain their virulence until 
eaten. 


As flies can travel considerable distances, at least two miles, the 
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There are so many organisms transmitted by th noloodsucking flies 


that I shall have to deal with them rather oriefly and preferably accord- 


ing to their classification. When you have thoroughly diggsted ths mass 
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of matter submitted below, I hope the necessity of fly prevention will be 


firmly fixed in your minds. 


BY NONBITING FLIES. 
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cous eguinus, Andrews and Horder, an nonpathogenic organism 


na number of cases on the 
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found in horse dung was found by Torrey (1912) 
surface of city caught flies. 
Ang 


btreptococcus fecalis Andrews and Horder, an organism occurring nore 


mally in the human intestine and occasionally pathogenic has deen isolated 


eal 


from city caught Musca domes 7), Cox, Lewis and Glynn (1912) 
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and Torrey. 
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Streptococcus salivarius Andrewes and Horder, an organism frequently 


found in the mouth, but rarely pathogenic has been isolated from the in- 


em om me er) OE SS ao a wee Bo ee me 


* A & 
Diplococeus_ gonorriuoeae Neisser (Gono 


Roemer ec cx oF ae Or mY ae Dee ee oe 


gs), the cause of GONORRHOHA, 
was found by Welander (1896) carried on the feet of fly for three hours 
after they had been soiled with secretion, 

the cause of CEREBROSPINAL MENINGITIS, is thought to be possibly carried by 
flies by MacGregor (1917). 

content as well as the surface of city caught flies. 

Micrococcus tetragenus Gaffky, commonly found in the human body, some- 
times pathogenic, sometimes saprophytic, was isolated from Musca domestica 
by Scott (1917). 

Staphylococcus pyogenes albus Rosenbach, a cause of SEPTICAEMIA was 
isolated by Cao (1906B) from the mucilaginous envelope covering the eggs 


of Musca domestica, 


= —= . a + oe ae eee er ee Oe ot her orm + CS erica eras) So eS a ee ow ar — ee Oe oe an Ye ae or oe 


Qo “ > ra) oped 
Staphylococcus pyogenes aureus _Rosenbach, a frequent cause of ABSCESSES , 


ao ee we er eS Oe ae Oe oe 


etc., was shown by Celli (1888) to retain its virulence after passing through 


r 


the flies’ intestines. Herms (1915) proved by experiment that Musca domestica 
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can carry great numbers of this organism on its feet, Torrey (1912) and 
Scott (1917) isolated it from the bodies of city caught flies. Cao 


(1906B) isolated it from the eggs at the time of déposition of labora- 


er ee ee Oe oe ee OE a Oe oe Oe + 
or oe or ee ee oe oF ee eS he EE er AD ee ee 
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ee ee ee a ee ee ee Os 


Sarcophaga carnaria, Calliphora vomitoria, and Lucilia caeser on meat pol- 
luted with this organism and recovered it from the feces of mature flies 
bred from these larvac. 


yellow) organism found in air and water, rarely pathogénic, was found by 


Cao (1906B) to becapable of passing through the intestines of larvae of 


Musca domestica, Calliphora yomitoria, Sarcophega carnaria., and Tuoi tia. 
caesar, in all stages of larval growth and of remaining in the body 


through pupation to maturity 


AS ES SS OE Ow a em eee = eo ae ee Oo ae + eee esp? ek 6? a OS OE ae RO er fee — oe ee aad 


sg of Koch-Weeks, the cause of an acute infectious CONJUNCTIVITIS 
(pink eye) is thought vy Castéllani and Chalmers (1913,p.700) to be fre- 
causes great annoyance by hovering in front of the eyes and attacking the 
eyes and ears, The flies may be driven away by the odor of Odol. 
Bacillus A of Ledingham, a nonlactose fermenter from the feces of 


children has been found by Tebbutt (1912) to be normal to the house fly, 
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Musca domestica, being found on the ova, and in the larvae, pupasé and 
adults, and often fed to the larvae survived through the metamorphosis to 
the adult stage, 

Ss of Morgan, which is frequently found in cases of INFANTILE 


DIARRHEA, has been found in various strains commonly in the intestines of 


and Glynn (1912) and Graham-Smith (1912), and the latter found that when 
fed to larvae of the house fly it could survive through the metamorphosis 
to the adult fly. 

Bacillus acidi lactici Hueppe, a snpgenie—? bacillus common to cows 
milk has been isolated from the bodies and from the intestinal contents 
of Musca domestica in New York, Washington, London and Liverpool by Torrey 
(1912), Scott (1917), Nicoll (1911), and Cox, Lewis and Glynn (1912). 
atus Welch and Nuttall, a pathogenic organism 
gaining entrance to the body chiefly through wounds and causing seven in- 
fections resulting often in GANGRENE. In the surgery of the present war 
this organism has been a very important one. It occurs as a normal in- 
habitant of the intestine of man and some of the animals. It has been 
isolated by Torrey (1912) from the surface as well as the intestinal con- 
tents of city caught flies, 

E m anthracis Davaine, the cause of ANTHRAX, although probably 
more often carried by biting flies has been shown by Davaine (1870) to be 
capable of carriage by Calliphora vyomitoria. He fed flies on anthracic 
blood and inoculated guinea pigs with parts of these flies 40 hours to 


3 days later, obtaining fatal results in 4 out of 7 cases. From flies of 


Caljiphora vomitoria caught in his laboratory Cao (1906B) isolated viru- 
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lent germs of B. anthracis adhering to the glutinous secretion surrounding 


the eggs as they were deposited, He later placed on flesh of animals dead 


from anthrax externally sterilized esgs of Musca domestica, Celliphora 


sected the larvae feeding of this flesh, always demonstrating anthrax 

germs in their bodies, and he further proved that these larvae ret&ined the 
germs in their bodies through pupation tc maturity end for at least nine 
days after maturity. He fed flies on meat polluted with anthrax and demon-= 
strated twenty-four hours leter the bacilli in the feces and on the eggs. 


Graham-Smith (1912) found that many blow flies 


lo) 


and lucilia caesar )which emerged from larvae fed on meat infected with 


or soe 


4 


anthrax spores were infected and remained so for 15 days or more. He 
also found that a large proportion of house flies (Musca, do estica) which 
develop from larvae fed on spores of B. anthracis are infected. Because 
of the habit of blow flies of breeding in and attacking wounds taere have 
been many cases of human anthrax on the battle front in Europe. The ease 


with which this may occur is quite evident in view of the above quoted in- 


vestigations. 

Bacillus cloacae Jordan, has veen found in the alimentary canal of 
Musca domestica in London by Nicoil (1911), 

Bacillus coli Escherich, an erganism normally found in the alimentary 


Be 


canal of man, but often found causing secondary infections, was found by 
’ 2 s = rt 4) soa at 5 oof i ws 
Cao (1906B), in various strains adhering to tne eggs at the time of ovi 


position of flies caught in the laboratory if 


oO 


carnaria, Iucilia caesar, and Qalliphora, vomitoria). 
’ . : +! 4 a a Pas enrn terete l 
Bacillus coli anaerogenes was isolated by Scott (1917) from Musca. 
domestica caught in Washington. 
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and animal intestine has been isglated from the body and intestinal con- 
tents of Musca domestica in New York and Washington by Torrey (1912) and 
Boott (1917). 

Bacillus coli communis Escherich, an organism common in the intestine 
of man ahd animals and associated with a darge variety of lesions, has 
been isolated from the body and intestinal contents of Musca domestics , 
by Torrey (1912), Nicoll (1911), Scott (1917) and Cox, Lewis and Glynn 
(1912). 

S coli mutabilis was found on the body and in the intestines 


er ee er ne ee omen me 


of Musca domestica in London by Nicoll (1911). 


Pacillus "colisimile" Cao, was fed by Cao (1906B) to larvae of Musca. 
domestica, Calliphora vomitoria, Lucilia caesar, and Sarcophaga carparia. 


in flesh and he later demonstrated its abundant presence in the feces of 
the larvae. 

Bacillus cuniculicida Koch and Gaffky, the cause of SEPTICAEMIA 
in rabbits and guinea pigs, was isolated by Scott (1917) from house flies 
(Musca domestica )caught in Washington, and he looks upon the fly as the 
carrier of laboratory epidemics of rabbits and guinea pig septicaemia €x- 
perienced for several years- 

Bacillus diphtheriae Klebs, the cause of DIPHTHERIA, according to ex- 
periments performed by Graham-Smith (1910) maybbe taken up by flies feed- 
ing on infected saliva or sputum and may live in the crop and intestine of 
the fly for over 24 hours, and in fact in one experiment he twice recovered 


it from the feces of flies 51 hours after feeding on bacilli emulsified in 


broth. 
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iS dysenteriae “Y" Hiss and Russell, one of the organisms 
found in DYSENTERY and INFANTILE DYSENTERI&® DIARRHEA, was experimented 
with by Tebbutt (1913) who fed it and biood to larvae of Mesca domestica. 
The eggs from which these larvae were hatched were washed in weak car- 
bolic acid or lysol to disinfeet thems Before feeding the larvae on the 
organism they were carefully washed in weak Lysol solution, In a limited 
number of cases the bacillus was recovered from the pupae and adults of 
larvae thus fed. 

Pacilius enteritidis Gaertner, the cause of FOOD POISONING in man, 


’ 
ee | ee ee ~ — one 


(1912), who fed it to the larvae of Calliphora, erythrocephaja and Musca. 


Oe Oe eT ns cee Dr ee ee Baer 


domestica, but did not recover it in the adults meturedsfrom these larvae. 


Oe we ee ow ee ee Ae 


\ 


Cox, Lewis and Glynn (1912) isolated a similar bacillus from flies caught 
in Liverpool. 

is alkaligenes Petruschky, a not infrequent inhabitant 
of the human intestine, which has been associated with a case of severe 
gastroenteritis, was isolated by Torrey (1912) from the intestinal content 
of city caught flies in two different instances, - 


Bacillus fluorescens liguefaciens. Fluegge, a common organism found 


alliphora_ vom to i2, Lugilia caesar, and £ 
containing the organisms, and found among the predominant bacteria in the 
feces of the larvae. He found that this organism taken up by the larvae 
could persist through the pupal stage and be obtained from the féces of 


flies immediately after their emergence, and when fed to adults it was 


demonstrated on their eggs when deposited. 
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scens nonliguefaciens Misenberg and Krueger, found in 


water and in butter, was fed by Cao (19088) to larvae of Musca domestica, 
Calliphora vomitoria, Iucilia gagsar, and Sercophasa garnaria, and later 
demonstrated in the feces of the larvae. 

Bacillus gesoformans nonliguefaciens was found on the body and in the 


+ : are saa \ 
alimentary canal of Musca domestica caught in 1 London by Nicoll (1911 )s 
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is. grtinthal was found om the body and in the intestines of 
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was isolated by Torrey (1912) from the 
Escherich,waich is almost consiantly found 
in milk and is one of the chief causes of souring of milk was isolated from 
flies by Cox, Lewis and Glynn (1912). 

cillus leprae Hanson, cause of LEPROSY, may be carried by Musca. 
domestica, according to Leboeuf (1913). 


Paci s mallei 1éffler and Shutz may be +ransmitted by flies accord. 


e2politanus nas been found on the body of Musca domestica 


ie) 


by Nicoli (1911) and Cox, Lewis and Glynn (1912). 


perniciosus VWyssokowitsch, a pathogenic organism 


i pl aane £ i 4 + ant 4 
. the intestines of Musea, domestica > 
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s paracoli Duval and Schorer, a pathogenic organism found free 
quently in the stéols of children suffering from summer diarrhea, 425 


been isolated several times by Torrey (1912) in New York, botn from the 


v 


surface and intestines of city caught flies. 


cillus paratyphosus "A" Schottmllller, cause of PARATYPHOID A. fever 


348 acidi Marpmann, 2 zymogenic bacillus found in cow's milk, 
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was isolated from the intestinal contents of city caught flies by Torre} 


Bacillus paratyphosus "B" Schottmllller, cause of PARATYPHOID B fever, 
was recovered from the vody and intestines of Musca domestica caught in 
London by Nicoll (1911), with the evidence thet it had been carried by the 
flies at least for 11 days 
is Kitasato, the cause of BUBONIC PLAGUZ, although normally 
carried by fleas, has been show by Yersin (1894) and Nuttall (1897) cap~ 
able of remaining in the intestines of flies ina virulent condition for 
at least 48 hours after infection, Nuttall’s experiments indicated that 
this bacillus is fatal to Musca domestica. 


cillus prodigiosus Ehrenberg, a nonpathogenic ,zymogenic and chromo- 


genic organism was fed oy Cao (19068) to adult flies of Musca, domestica, 
Calliphora vomitoria, Iucilia caesar, and Sarcophaga earparia ond was demon- 


in their feces and on their eggs 24 hours later. larvae fed on polluted 


meat contained the germs in their bodies and carried them through pupa- 
tion and they could be demonstrated in the sntestines of the adult up to 
nine days after emergence. Ledingham (1911) corrovorated c2.0" s findings 
of the persistence of this bacillus througnout the metamorphosis of Musca. 
domestica, Graham-Smith (1913) found that flies of jusca, domestica, fed 


on this bacillus may infect milk for several days, while Calliphor3. 


oria flies when infected constantly produced infection in milk up to 


Bacillus proteus vulgaris Hauser, B.p. mirabilis, Mauser, and B.ps 


ee ee ee ee 


zenkeri were fed by Cao (1906B) to larvae of Musca domestica, Cailiohors. 
omitoria, Sarcophaga carna ja, and Lucilia caesar, and were found abund- 


antly in the feces of the larvae 80 fed. Species of Proteus wore also 
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found deposited with the eggs of flies fed on infected flesn. Baci 


oteus vulparis was isolated by Scott (1917) from Musca, domestica caught 


which blue-green pus is present was isolated in two strains from flies 
caught in Liverpool by Cox, Lewis and Gaynn (1912). Bacot and Ledingham 
(1911) by carefully controlled experiments have proved that the larvae 
of Musca domestica fed on infected food retain this oe ane in the gut 
through the metamorphosis to the adult stage and may distribute it in 
their excreta, 


Pacilius radiciformis Tataroff, a saprophytic organism found in 


cilia caesar and Satcophaga carnaria, and recovered from the 


a oe wre + =_ : per ea oer eine ame Oe ae ee oe ee Ne eS 


nsis Brevnig, a chromoparous (red) bacillus found 


= oe? 


Sarcophaga carnaria, Calliphore yomitoria and lucilia caesar, and he 


demonstrated that the larvae could take it up in all stages of growth, 
and that the bacilli persisted in their bodies through pupation to matur- 
ity. 

Pacillus schafferi Freudenreicn, a nonpathogenic, zymogenic organism, 
found in “puffy” and "Nissler" cheese has been found by Nicoll (1911) in 


domestica. 


London on the body and in the intestines of Musca. 


a8] 


¢ 


by Marpmann (1897) to flies, and 12 hours later the contents of the file 
were inoculated into mice, producing fatal infection in a large:percent af 


the inoculations (Nuttall 1899), 
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achio" Cao, a pathogenic organism similar to 


cillus anthracis, which produces CARBUNCLES when inoculated was fed by 


-_ ee ee eee ee ee ee 


Cao (1906B) to larvae of Musca domestica, Calliphore vomitoria, Iucilia. 
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caesar_, and Sarcophaga carnaria and isolated from the feces of the larvae 
in a very virulent strain. In examinations of many flies caught in the 
laboratory he occasionally isolated a nonpathogenic, mobile strain of this 


organism. 


Pacillus subtilis Ehrenberg, an organism frequently found in air, 


= or ae ee ow ee + 


water, and soil and seldom pathogenic was fed by Cao (1906 B) to larvae 


estica, Ca hora vomitoria, Lucilia caesar 


of Musca. don 


or en oe 


POISONING and SUMMER DIARRHEA is recorded by Scott (1917) from the house 
fly, 


cillus_ “tifosimile" Cao, a pathogenic organism strongly resembling 


Ss ar ee oer or et ee ae 


ca domestica, Callip 


ne ee Ee ee oe ee ee oe 


B. typhosus was fed by Cao (1906B) to larvae of Mu 


weilia caesar, and Sarcophags carnaris and later demonstrated 
in the feces of the larvae as among the predominant forms in strains of 
differing virulence. From flies caught around the laboratory he isolated 
pathogenic strains adhering to the eggs when deposited. 

losis Koch, the cause of TUBERCULOSIS, was found in 


¢ OQ 
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oie ‘ 1 2 tayh 4 “ 
four out of six flies caught by Hofman (1868) in the room of a tuberculosis 
° TS . ae | a oe tana 
patient, whose sputum had contained many germs. Flies fed artificisily 
ape ‘ 5 5) wie 5 4.3 a heine 
with sputum died in a few days. Within twenty-four sours of their being 


fed on the sputum, the tubercle bacilli appeared in their excreta. A 


guinea pig inoculated with the intestines of flies developed tuverculosis. 
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“Celli (1888) reports Alessi's experiments of inoculating the feces of 

4 flies fed on tubercular sputum, and causing the development of tuber- 
culosis in two rabbits. Spillman and Haushalter (1887) were however 

the first to find the tuberclesbacilli from sputum and disseminate the 
same in their feces for at least five days. 

bas WSOdy and Chapin, cause of a fatal RODENT PLAGUE 
of which 2 few human cases are on record may be transmitted by Musca. 
lestica. Wayson (1915) inoculated the crushed bodies of flies fed on 
the viscera of an animal dead 48 hours and obtained fatal results in 
three series of experiments with guinea pigs. 

Bacillus typhosus Eberth, the cause of TYPHOID fever, was first 
shown by Celli (1888) to be capable of passing through the intestines 
and into the feces of flies. Many authors have added proofs of the role 
of the-fly in the transmission of this disease and these are ably sumear- 
ized by Graham-Smith (1913) and Hewitt (1914). Faichnie (1909) proved 
that flies could carry this bacillus in their intestines for 16 days. 
Ledingham has isolated the bacillus from the intestines of Musca. 

stica which had fed on it in the larval stage, but found that the 
normal bacilli in the larval intestines usually prevent its successful 


survival through metamorphosis, 


rosis Kutschert and Neisser, a presumably nonpathogenic 


organism, usually found in the eyes, and often associated with conjuncti- 


vitis was isolated by Torrey (1912) on the surface of city caught flies. 





irillum (Vibrio}cholerae Koch, the cause of ASIATIC CHOLERA may be 
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carried by flies. The connection of flies with the prevalence of cholera 
was first noted by Nicholas (1873). Maddox (185) first performed experi- 
ments with Calliphora vomitoria and Eristalis tenax as well as other in- 
sects and determined microscopically the presence of the motile cholera 
vibrios in the feces. Tizzoni and Cattoni (1886) caught flies in chdlera 
wards and after several hours obteined characteristic cultures of the 
organism. Many other avthors, as Sawtchenke (1892), Simmonds (1892), 
Uffelman (1892), Macrae (1894), have furnished proofs of fly dissemine- 
tion of the chtélera vibrio, a summary of which can be found in the books 
by Graham-Smith, and Hewitt. 


The subject will be continued in Lecture 9 which will contain a 


bibliography of the works cited. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


OF DISEASE, HYGIENE AND SANITATION. 



















July 8, 1918: 3:40 p.m. 


The ninth session of the class was held in Room 411 Bieber Building, 
With the following in attendance: Abbott,Eaker,Barber ,Boving,Boyd,Duncan, 
Gahan ,Hoffman,kneale,Kotinsky ,Nason,Middleton,Moles,Morrison,Perrine,Pierce, 
Reed ,St. George ,Sasscer , Snyder , Swigman, Weigel Whitcomb ,White, 24 in all. 

The secretary read abstracts from a number of letters received from 
entomologists and army sanitarians, the general tone of which give ap- 
proval of and encouragement in the work and prediction of useful service. 
The leader spoke of entomologists who had been drafted and their services 
utilized as entomologists in the sanitary organizations of their respective 
camps, often with early promotion to sergeancy. 

In reply to an inquiry of Mr.Kotineky as to the relative dogrees of 
humidity and temperature requisite for keeping an insect in a definite 
state of activity, in other words, how much for instance would the humid- 
ity percentage have to rise per one per cent fall of temperature for an in- 
sect to retain a certain state of activity, elicited the reply of the lead- 
: er that this ratio would differ for each species of insect and that one or 
the other factor might be the stronger: 

Mr.Kotinsky further inquired why the study was limited to the two ele- 
ments of climate when others, such as sunlight for example, are so vital. 
In Bely, Doctor Pierce stated that the only two factors which have been 
measured in their effect on life are temperature and humidity, and that un- 
doubtedly sunlight, especially the actinicrays, atmospheric pressure, and 


many pther factors influence life reactions. Since the reactions to 
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mperature and himidity are easily chartable and time-coordinated records 
san be obtained, and more so because everyone is familiar with these two 
tors, they are therefore the factors first to be considered, 


win 


_ He then read his first lecture on "Diseases Transmitted by vion- biting 


The meeting adjourned at 4:30 Dem. 


J. Kotinsky, 
Secretary. 
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Lecture 9. DISEASES BORNE PY NON BITING FLIES- CONTINUED, 


rE Se ES He eee Re Ee ee ee ey ee pee Mee oe oF ee ee a ee aor 


W.Dwight Pierce. 


In the lecture of last week I presented a large mass of data on the 
transmission of plant organisms, mainly bacteria, by flies. t+ was intend- 
ed that the entire subject of disease transmission be covered in one lec 
ture, but you can readily see that an adequate presentation of the basic 
argumentative material requires at least two lectures. 

A brief survey of the data presented will perhaps help to imprint the 
gravity of the fly menace to all who read the lecture. Sixty three minute 
plant organisms have been shown to be transmissible by domestic flies. 
Forty-four of these organisms have been found on or in flies caught in 
cities or buildings, in other words were naturally carried by so called 
“wild flies", Among these forty-four organisms naturally carried by flies 
were several normal inhabitants of milk, also various normai inhabitants 
of the human and of animal intestines, which could only be taken up from 
excrement. Some of these organisms are taken from eyes, some from sputum, 
some from decaying vegetable matter, others from dairy products. The fly 
containing such organisms betrays its habits. We find the organisms of 
conjunctivitis, infantile diarrhea, sour milk, gas gangrene, enteritis, 
guinea pig septicaemia, leprosy; paratyphoid A, and paratyphoid/fevers, 
bubonic plague, green pus, food poisoning, tuberculosis, typhoid fever, 
anthrax, rodent plague, gonorrhea, abscesses, erysipelas, and cholera, 
and possibly cerebrospinal meningitis, normally carried by flies which 
frequent our houses, visit our bodies and poliute our food with their 


excreta. We alsé find experimental evidence that these same flies can 
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and other pathogenic conditions. 


In other words it would seem that nonbhoodsucking flies can carry any 

















bacterial or coccal disease in which the organism may he reached by the 
fly fly on the body of the person, in his sputum or his excreta, and un- 
doubtedly the same is true of such diseases of animals. 

It is of interest to note that in nineteen species the organism has 
been proven to pass freely tuenuani the intestinal canal of the larvae, in 
thirty seven species through the intestines of the adult, and in eleven 
species to be capable of persisting in the larvae through metamorphosis 

to the adult. What greater argument could be found that flies are danger- 
ous not only because of what they as flies have fed on but also because of 
food they took while larvae, possibly a long distance away. 

We have not however gauged the depth of the fly's infamy, as we have 
so far only listed the evidence of plant diseases transmitted. I wili now 
Br sct in a similar manner the evidence of transmission of animal organisms 


by these same flies, 


OZ0A: SARCODINA : AMOEBINA : AMOEPIDAR. 


or enn ee eo? 


Roubaud (1918), who finds that the cysts readily pass through the fly in- 
testines at laboratory temperatures of 15-18°C, (59-65°F.) in 24 hours, 
It may be carried from infected stools to food but must be deposited in 


moist substances, as all cysts dry rapidly in dry fly feces. 
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be carried in the encysted form by Musca domestica and Calliphora eryth- 
rocephala according to Flu (1916). Roubaud (1918) has carefully investi- 
gated and finds that the free amoeba is quickly digested by the fly, but 
the cysts may pass readily through the intestines within 24 hours anyl may 
be demonstrated up to 40 hours, The cysts die rapidly in dry fly feces, 


and therefore to live must be placed on moist substances, or on food. 


A: MASTIGOPHORA : PROTOMONADINA + BODONIDAE. 


OS 6 et ee Or Oe ee ee gs on ee ee ee ee ee ee 


PROTOZOA : MASTIGOPHORA: POLYMASTIGINA: POLYMASTIGIDAE. 
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Giardia intestinalis Lamol (Lamblia), the cause of LAMBLIAN DYSENTERY 


PA ae Oe EE oS oe ee oS ee or 


according to Roubaud (1918), but must be deposited in the feces on moist 
substances, or directly on food. 


PROTOZOA : MASTIGOPHORA: BINUCLEATA; LEPTOMONIDAS. 
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Calliphora ervthrocephala,. 
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Crithidia muscae-domesticas Werner is described as a parasite of 
Muses, domestica 
Leptomonas calliphorag Swingle is a parasite of Calliphora erythrocephals 
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esnili Roubaud is a parasite of Lucilia so. 


= ae mee er — oe 


domesticae Burnett is 2 parasite of Musca, domestica, 
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olienia rudis, Teichomyza iusca, 


catophaga lutarie, Nevroctens anilis, b 
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na, and Sarcophass murus, undergoing complete metajorpnosis in the 





bodies of the flies. Patton (1910) has demonstrated that the disease may 
be transmitted from fly to fly ns follows: the food becomes infected from 
the feces of the infected flies which have fed on it} uninfected flies may 
become infected by ingesting either the long flagellates, the short ene 
cysting forms, or the cysts. 

Leptomonas pycnosomae Roubaud is a parasite of Pycnosoma. pulorium. 

Leptomonas roubaudi Chatton is a parasite in the walpighian glands 
ohegae Prowazek is a parasite in the gut of Sarco- 
phage, haemorrhoidalis and another species of Sarcophaga. 

Leptomonas, soudanensis Roubaud is 4 parasive of Pyonosoma. puborium 
iomyiae Fantham and Porter is a parasite of 
Stratiomyia chamels otamida, Fantham and Porter (1915) proved 
it experimentally pathogenic by inoculation to Mus, musculus» 

Leishmania tropica Wright, the cause of ORTENTAL SORE of man, may de 
taken up in the crithidial stage by Musca gomestica and the organism demon 


we oer 


strated 48 hours after feeding, according tc carter’ (1909), According to 


Wenyon{1911) who investigated Pagdad sore, Musca, domestica may readily feed 
on the sores and take up Leishmania, but there is no development of tne 
organism and no parasites were found in the feces. On the other hand, 


Row, working with Cambay sore believed the organism transmissible by 
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‘He found the gut contents of flies infective for a monkey taree hours after 


the fly had taken up Leishmania, out Patton (1912) maintains thet Cambay 


sore never ‘commences ina eut, aerateh or samesiavy, and. failed +g tras 


mit the disease in this manner in numerous experiments with Musce. nebulo. 
and Musca sp. A new investigation however is warranted oy Row' 
ment, seeking fecal infection of WOUNGS « 


Rhynchoidomonas lucilias Patton is parasitic in the Malpighian 


tubules of Musca nébulo and luciliz. serenissine- 
PROTOZOA: MASTIGOPHORA : BINUCLEATA: TRYPANOSOMIDAS. 


Trypanosoma. evansi Steel, the cause of SURRA, an African disease of 


horses and other mammals may be carried by Musca & tica by contact 
with wounds. 


Trypanosom. hippicy m Darling, the cause of MURRINA a disease of horses 


and mules in the United States and Panama, may ce carried according to 
Darling (1911,1912) by Musca, domestic 


wounds by mechanical transmission. He ascertained that the trypanosomes 


remained alive in the proboscis of the fly at least two hours, and he also 


successfully inoculated a mouse with the crushed portions of a proboscis 


of a fly which had fed on infected bloods Isolation of the animals from 


fly attack, and binding up of wounds wiped out the epidemic. He did not 


ascertain whether the trypanosome might pass out cf the fly's feces and 


contaminate lesions in this manner, which naturally is the normal method 


of fly transmission. 
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: MASTIGOPHORA: SPIBOCHARTACFA: SPIROCHABTIDAR 
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dreponema pertenue Castellani, the cause of YAWS, an infectious disease 


of man may be transmitted by the house fly, Musca domestica, Castellani 













in Ceylon (1907) found that flies eagerly crowd around on the open sores 
of yaws patients. In the hospitals as soon as the dressings were removed 
the ’ er 
from the yaws ulcerations/became covered with flies, sucking with avidity 
the secretion, which they may afterward aspasit in the same way on ordinary 
alcers on other people. He conducted experiments which proved that the 
flies do take up the organism, which he recovered from the dissected mouth 
parts. He fed flies on the organism, rom removed their appendages and 
fastened them over scarified areas of skin of monkeys, and obtained in two 
experiments positive lesions by this organism, Robertson (1908) also 
definitely obtained this spirochaete from flies collected on yawsiles- 
ions, Nicholls (1912) ascribes most of the cases of yaws in the West 
Indies to inoculation of surface injuries by Oseinis pallipes. Sarco- 
_phaga is also considered a carrier. None of the experiments have been 
directed at obtaining infection through the deposition of the spirochaetes, 


taken up by the fly in feeding, in its feces on other ulcers or injuries. 


This would appear to be the most likely method of infection, 


TOZOA: NEQSPORIDIA: MYXOSPORIDIA: NOSEMIDAS.. 


apis Zander a bee disease may be communicated to Calliphora. 


itoria and other insects through feeding on the bee extréta around 


oe 


TEOSPORTDIA: MYXOSPORTDIA: THELOBANIDAD. 


en 


chania ovata Dunkerley is also a parasive of Fannia scalaris. 
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PURULENT OPHTHAIMIA is said to be carried by flies in Egypt. 
“Brumpt accuses Musca domestica of being a. carrier of TRACHOMA. Rosenau 
ete that flies have been found breeding in ope lesions of SMALLPOX, 
and that flies may transmit MEASLES and SCARLET FEVER. Definite experi- 
oe certainty should be carried out with a view to determining the ex- 


fact relationship of flies t9 these diseases, seeking first the possibidity 


of transmission by fecal contamination. 


HIGHER ORGANISMS CARRIED BY FLIES, 


Or ae ee ee es ee ee er ee eee ee ee te Oe ee ee eet ee eS em ee 


As pointed out in the introduction of the last lecture flies can 


carry the eggs of higher organisms. Thedavidence is presented below. 


FeAL LAO EMA’ Se SS ew ee re ee ae aoa = awe 


Me (Seniernvachus sash nata Goeze, the FAT TAPEWORM of cattle 


necessary that the eggs, passed in human or animal feces, reach the 
food or water of the next host. This may occur by means of insanitary 


a 


sewage disposal, and also quite probably, often by the agency of flies. 


PLATYHELMIA: CESTOIDEA: CYCLOPHYLLIDEA: HYMENOLEPIDIDAK. 


Choanoiaenis infundibulum Bloch, the FOWL TAPEWORM, develops to the 


1 -eysticorcoid stage in Musca domestica fed on the eggs, and Gutberlet (1916) 
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Davainea tetragona Molin, another chicken tapeworm,likewise gave 


wo oe ee Oe ae ee — ee 


Gutberlet (1916) negative results with the same two species of flies. 
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Schistosoma mansoni Sambon, the trematode worm causing intestinal 
Schistomiasis of man or BILHARZIOSIS, may be transmitted in the egg stage 
bY Musca domestica, according to Shircore (1916), who found them natur~ 


ally so carried in British East Africa, The cercaria stage is passed in 


a snail. 
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Haoronema muscae Carter, a STOMACH WORM OF HORSES passes its @eanlier 
Stages in Musca domestica, according to Ransom (1913). Either the ege om 
first stage larva is ingested by the fly larva breeding in horse manure, 
Development goes on within thé fly larva and pupa, the last fly stage 
being found in the proboscis of the adult fly. Whether the worm leaves 


the fly's proboscis while the latter is feeding or is eaten with the fly 


by the horse, has not been determined. 


NEMATHELMINTHES:  NEMATODA: ASCA 
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Ascaris lumbricoides Linnaeus the cause of HUMAN ASCARIASIS does 


re er er eee re ee ee ee ee Ne oY Get ee Or we, 


mr ee ee ae ee em BU a ee er or Cor ee pe 


larvae on female Ascaris’ and later found the eggs in different stages of 


=e oe oe om Or ne ow ee 


development in both larvae and adult flies (Grahoem-Smith 1913). Shircore 
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{1916 ) in British Fast Africa found the eggs in the intestines of Musca. 


domestica in nature. Nicholls (1912) in St.imoia found the eggs in the 
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by Patton and Cragg (1913), as probably the species of Oxyuris, which in 


Madras is often found in the embryo stage heavily infesting the larvae of 


icularis Linnaeus, the cause of human PIN ITCH, can be 


) 3 
ingested in the egg stage by flies, according to Grpssi (1883). 
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has been fovnd in the egg stage in house flies, Musca, domestica, by 
Shircore (1916) in British East Africa, and it is therefore possible 
that the eggs may be placed on food, in which the hook worm larva could 
Mec, and be directly conveyed into the body with the food. No develop- 
ment takes place in the flies. 

Necator americanus Stiles, the American HOOK WORM was collected in 
the egg stage in the intestines of Jamosina punctipennis in St.Lucia by 
Nicolls (1912). Galii-Valerio (1905) found that flies could carry on 
the surface 6f their bodies,not only the eggs but also the larvac of 


this worm. 
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Musca domestica on the eggs. It probably does not require the flies as 
immediate hosts, but is undoubtedly distributed in this manner. 

Thus to the already long list of serious diseases caused by the fly 
we maytnow add amoebic dysentery, Lamblian dysentery, Oriental sore, surra, 
murrina, yaws, purulent ophthalmis, trachoma, the fat tapeworm of cattle, 
the fowl tapeworm, bilharziosis of man, the stomach worm of horses, human 
ascariasis, equine pin worms, pin itch, two hook worms, and the whip worm, 
and possibiy aiso smallpox, measles and scarlet fever. 

We found that the bacteria were only mechanically carried by the 
flies, except in the case of Bacillus anthracis. Among the protozoa also 
those organisms parasitic in vertebrates all seem to be mechanically trans- 
mitted. The various parasites mentioned however pass complete life cycles 
in the body of the fly. Among the worms, however, there are cases of ex- 


ternal mechanical carriage, transmission of eggs through the intestinal 


canal, retention of the egg from larva to adult fly (Ascaris lumbricoid es), 


infundibulum, and Habronema muscae). The last named worm is the only 


organism transmitted by the fly which works forward into the proboscis for 


transmission at time of feeding. 





A bibliography of works cited in the two lectures follows: 
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That you will not have | 


inthe 
HOUSE 


90%0 rhe F ies Bree ra Horse Manure 
llou can : 


Report Manure Piles, Dead Dogs, Cats 
and Rats to Health Office. 


Keep the Yards Clean. 

Screen Windows, Doors, and Porches. 
Trap the Fly Before He Gets in. 

Swat the Fly if He Gets in. 


See that Your Grocer Keeps Meat, 


Vegetables, and Fruit Screened from 
Flies. 


Keep Everlastingly at it. 








TT LLL ee ee 
SSRSIESIB SEES ESET oes: Pea pweurenermer es crys 
REY LAMY MHD eet 
uit 





a 
| oy 
iy 


4% 4 
A 


Published by International Harvester Company of New Jersey (Incorporated) 
Agricultural Extension Department, Harvester Building, Chicago 





Ray Meg tl. ~ 
, ef} % ees “8H a 


ANY BOY CAN MAKE 
A FLY TRAP 


(See Directions Inside) 


One boy in Cook County last year made $46 sell- 
ing fly traps to the neighbors. 


Wire screen, nails and tacks cost about 40 cents. 
The frame can be made from a pine box. 


Hang the fly trap eight to ten feet from the back 
door. 


A Word to Dad « Don’t kick, scoid or 


grumble — get in and help the boy —he’s your boy. 


Another Word to Ma: Make Dad 


screen the porches, doors and windows. If he 
won't get wire screen, make him get mosquito 
netting. 


Flies Spread Disease 


Typhoid fever, tuberculosis, summer complaint, cholera, 
intestinal diseases, and frequently death follow closely in 
the trail of the common house fly. 


Thousands die every year from diseases carried by the fly, 
yet we still look upon it as an annoyance to be tolerated, 
not as a death-dealer which can be exterminated. 
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PROCFEDINGS OF SHR CLASS eben FOR THE STUDY OF THE 
ENTOMOLOGY GIENE..AND. SANITATION. 


BUREAU OF EN UN OLA iY 
* OFT é S491; * 


_ The tenth session was held in room 411 Bieber Building, with the fol- 







MA5, 1918, 3:40 p.m. 


«ESS! BL «Che IR ae EL. 


lows ng in attendance: Back, Barbers Poving, Caudell,Dusham, Gahan,Greene, 
Bvirich Hyslop ,Kneale ,Kotinsky, fen edd ibien Worrison, Perrine,Pierce, 
oe St.George, Snyder, Weigel,Whitcomb,Wood, 22 in all. 

: The secretary read the correspondence with H.Horning, City Entomologist 
rt of Philadelphia, Pa. ,pointing out the fact that Mr.Horning ie the first and 
‘only City Entomologist in the country and emphasizing the fact that one of 
‘the objects of this Class and its Proceedings is to stimulate interest in 
‘the subject to the end that every city and community, that can afford it, 
‘establish an entomological service as Philadelphia has done. 

j The leader called attention to the assignment questiorson pp.110 

‘and Jil, urging all to answer them to the best of their ability. 

The Beador then read the second lecture on the Diseases Borne by 
Nonbiting Flies, 

4 In the minutes of July 8, a statement of Doctor Pierce was omitted 
Breeding the practical application of the study of climatic factors. He 
Stated that a proper knowledge of the relation of climate to the length 

of the life of the seed tick of the North American Cattle Tiok will de- 
Beemite the length of time a pasture must be kept clear of cattle in order 
te free it of ticks. The whole scheme of pasture rotation for eradica- 


tion of ticks depends upon the accurate determination of climatic laws. 


hye 


It has long been known that if the fall planting of wheat is delayed 
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i. ‘This demands an application of the law of effective tempera- 
4 i i. - 
vhe army worm. The northward movement of Llaphyema frugiverda is 


+ relationship to the northward movement of the favorable mean 


lar applications will ultimately be madé to many species.of insects. 


J. Kotinsky, 


Secretary. 
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July 22, 1918. Lectvre 10, TiMPORTANT PHASES «N THE LITE HISTCRY 
W OF THE NONBITING FLIES. 
Ls 


W. Dwighs Pierce. 


In the préceding lectures we brought together an accurmuisticn of evi- 
dence against the common flies that frequent our houses, which should con- 
vince any one of the absolute necessity of keeping flies from our food, our 


4 « 


houses and our bodies. We can only hope to accomplish this object by be~ 





ory of the flies. From the study of the transmission of disease we may pic! 

out for example a few points in the biology which need to be stressed, for 

' instance feeding habits, regurgitation,of food, excreta, breeding places, 
oviposition, flight, attraction to odor. 

We are dealing in this lecture not only with the common house fly but 

4 also with most of the common flies which frequent ovr houses and ane know 
&s domestic flies. Of the conmon hotiseh61d flies only one, the biting 
stable fly, Stomoxys calcitrans, is omitted for future discussion. 

The members of the class would do well to examine some book in which 
the different species are illustrated, so as to become familiar with the 
characteristic markings. It will then be a good plan to collect the various 
flies around the house and determine their species. 

Fairly good illustrations of common household flies are given in the 
following references: 


Howard, L.O. and Hutchison, R.H.,1915, House Flies,U.S.Dept.Agr. 
Farmers Bulletin 679 


e 


: Richardson, C.H.,1917, The Domestic Flies of New Jersey, New Jersey 
Agric. Exp. Sta. ,bull. 307. 


The best illustrations of the flies are contained in Patton, Weo., and 


Cragg,F.W. (1913) (see p.140). 
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+ Tables to species of common flies and also illustrations are pre- 
igented by Riley, and Johansen (1915) see p140). 


Tt is also desirable +o know how to identify the fly lsrvae when found. 


The best American work on this subject is : Banks, Natlan ,1912, The 8truc- 


ture of Certain Dipterous Larvae with Particular Reference +o those in 


Human Foods, U.S.Dept.Agr.Pech.bul.22. See also Riley and Johanseng yp. 315. 
For general information on the life history, morphology, and anatomy of 
the house fly refer to: Hewitt, C,Gordon,1917, The House Fly, Cambridge 
“University Press.” 
At 2 little later date Mr, Greene will present to tne class a lecture 
on the differentiation of these flies and their larvae, with sketches which 
wil be mimeographed, In this way we hope to make the identification of 


common flies easier for all of you. 


The flies are classified largely on the charactersof the proboscis, an- 
geLy 


cn 
1 


tennae, wing veins, eyes and the arrangement of hairs, The larvae are clas 
; B » &y 2 


i 


ified on the characters of the spiracles, the cephalo-pharyngeal skeleton, 





The common house fly, Musca domestica, is that insect charged with the 
greatest number of diseases, and probably justly because of its frequenta- 
tion of all types of excreta, garbage and waste, its common visitations to 
Places where foods are handled, and also its visits to the human body. We 

have shown in thé preceding lectures how it and its allies can carry dis- 

Now we will take a brief 


ease and what diseases are charged against each. 


® review of its life history in order to arrive at important data for handling 


its control. 
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The house fly adult is yellowish to dark gray in color, with four 
equally broad longitudinal stripes on the thorax; first three addominal 
segments yellowish with a central black stripe and with two less distinct 
discal stripes. The males measure 5.8 to 6.5 mm.in length, and the females 
6.5 to 7-5 mm. The eyes in the male are nearly contiguous and in the female 
are widely separated. 

This fly has been distributed by commerce to almost all parts of the 
civilized world. 

etn features of its anatomy are of interest in the present study. 

The head e prolonged to form a proboscis which is enlarged at tip 
into the haustellum bearing apically the oral lobes or habella. These lobes 
bear a large number of channels kept open by incomplete chitinous rings 
called pseudotracheae, which re fully described by Graham-Smith in his text 
book (see p.140). The proboscis of the house fly is adapted to sucking and 
the absorption of liquid or liquified food., + cannot take up veer large 
particles of solid food. Nicoll (1911) (see p.142), found that the flies 
could not ingest particles larger than .645 mm. This therefore determines 
the size of worm eggs which can be ingested by the adult. We must assume 
therefore that when flies contain larger eggs, these were taken in by the 
larva. Normally however the food must pass between the bifid extremities 
of the chitinous rings of the pseudotracheal channels and pass along these 
to the mouth. These openings measure from 003 to .004 mm. in diameter, 
Solid particles howevebd are pee up in a slight ridge in the channel be- 
tween the oral lobes and are probably sucKed into the oral pit and into the 
mouthe 


When the fly feeds on dry substances such as sugar, dried spesks of 
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41k or sputum, etc., it first liquifies the substance by s salivary 
secretion which flows into the oral pit and onto the substance, being dis- 
ributed by the vseudotracheal channels. The moistening 1s 21580 aided by 
the regurgitation of food from the crop, as proven by Graham-Gmith, who fed 
flies upon carmine colored foodg and found carmine stains on semifiuid mat- 
erial upon which these flies iater fed, for 2@ nours. 

The intestinal canal is composed of pharynx, oesophagus ,cbop,proventri- 
 gulus, ventriculus or chyle stomach, proximal and distal intestine and rece 
“tum. The oesophaguas paeses from the pharynx through the cervical region 

- into the thorax in the anterior part of which it opens im 
culus, and from this same point a duct which is continuous with the oesa- 

a 

p phagus passes back into the abdomen to the crop which is/bilobed sac, capable 
| of considerable distention. This cropperves as a food reservoir. The fly 
feeds until it has engorged the crop, and often will continues feeding, the 
food then passing directly into the proventriculus. The opening of the pro- 
, ventriculus into the oesaphagus is ventral. This organ is circu 


The prox- 


- tened dorsoventrally. The ventriculus is tubular, narrowest in front and 
| 
i narrowing again in passing thrutigh the thoraco-abdominal foramen. 


imal intestine is the longest region of the gut, being considerably coiled. 
The distal intestine begins at the entrance of the Melpignian tubules, and 


. is only curved once. It is separated from tne rectum by 2 valve. The rece 


tum is composed of three parts, the sntermediate of which is swollen to form 


the rectal cavity into which the four rectal glands empty- 


Food may remain in the crop for several days, and even when no further 


_ food is given, it requires many hours to empty the crop completely. After 


feeding the fly usually retires to © quiet spot and cleans its head and pro- 


boscis. It frequently regurgitates its food from the crop in the form of 
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_ large drops of liquid which are subsequently slowly dram up again and pro- 
bably pass into the proventriculus. These drops of regurgitated ood free 
quently are deposited, often for the purpose of moistening sugar and similar 
dry foods. 

We may now see how easy it is for a fly which has fed on infected sub- 
stances to contaminate other substarces for days by regurgitation from the 
crop, as well as through fecal deposits, Experimental evidence has proven 
contamination by both the feces and the vomit. 

The fly's body is externaliy constructed so as to further aid in dis- 
ease carriage. There are numerous hairs or setae on the body, especially on 
the legs. The last joint of the tarsus of each leg bears two claws and a 
pair of membranous pyriform pads or pulvilli. These pulvilli are covered 
beneath with innumerable, closely set, secreting hairs by means of which the 
fiy is able tc walk in any position on highly polished surfaces. These 
sucher-like pads or pulvilli and the sctae of the legs are excellent bacteria 
carriers, and not infrequently larger organisms as mites, worm eggs, etc are 
thus carried. 

The sexes of the house fly are about equal. Copulation may take place, 
according to Hutchison, as early as the day following emergence. Oviposition 
may begin on the third day. Mr. Hutchison (Notes on the Preoviposition Per- 
jod of the House Fly, Musca Aomestica L., U.S,Dept.Agr. bul. 345 ,Feb.1916 ) 


cites a large series of observations on the preoviposition period showing 


. 


that eggs may be laid from 24 to 23 days after emergence, and that the period 
corresponds to temperature and humidity changes. At Washington the shortest 
period was obtained at 82° to 840F,, and in general the length of period in- 


creased with the decrease of temperature. Increase in humidity seems to 


{ 


hasten egg laying. 
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dhe eggs are white, cylindrically oval, slizhtiy brogder at the pcster- 
Sereena With two distinct curved rib-like thickenings on she oortsai surface, 
eens ONG Of which the egs splits on hatching. These eggs are Jail in masces 
averaging about 120, and a female may iay as many as four such natehes, and 
probably uxder favorable conditions mors. The eggs ususily hatch in less 
than 24 hours, the time of course depending upon the climatic conditions. 

At 10°C. (40°F) the egg period is two or three days; at 15 to 20°C(59-68°F) 
it is 24 hours; at 25-35°C (77-95°F) only 8 to 12 hours, according to 

Hewitt. 

The larvae are white, smooth, cylindrical maggots, tapering at the head 
end and considerably enlarged at the tail end. ‘When viewed by transmitted 
light a dark chitinous structure can be seen in the anterior regions. This 
is called the vephalopharynceal skeleton and is partialiy extrusible. Hach 
species of fly is distinguichable by the form of this skeleton and hence if 
a slide mount is mde of a skin boiled in potash, the species can be identi- 
fied by this and one or more other characters. The three iarvel stages dif- 
fer somewhat in the form of this skeleton so that it becomes possibie to 
determine exactly the stage of development. The body is composed of thirteen 
segments of which the second is considered a fusion of prothorax and meso- 
thorax. This segment at its posterior margin bears the anterior spiracles 
which are fan sheped and have six or seven lobes. This segment is followed 
by the mesothorax and nine obdominal segments, The anterior portion of the 
venter of the first eight abdominal segments bears spiniferous pads which 
assist in locomotion. The ninth or last segment bears the spiracular plates 
above and the anus below. These spiracular plates afford the best means of 
identification of fly larvae. In the first two stages each plate consists 


merely of two oblique slits on a slight prominence. In the third stage they 
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are well defined plates, D-shaped, closer tegether than their width, with 
flat faces opposed, each with thrse sinuous siits. 


The larval period varies in response to climatic stimuli, but under 


rm} 


favorable conditions is about four days in lengtn.e When full grown the 
darva varies from 10 to 12 mm, Pupation takes piace within the last larval 
skin which shrinks and hardens to forma case or puparivn. This period 
lasts oo 3 to 10 days. When the fiy is ready to amerge it nushes off 

the cap or head end. The entire developmental period may require from eight 
to eighteen or more days. Kisluik has found pupae of the fly in manure 
piles at various times during the winter, which of course indicates that the 
developmental period may occupy an entire winter if the pupa is caught by 
coid weather. 

The adult flies are capable of considerable flight. Parker demon- 
strated a migration of two miles in his Montana studies, In this con- 
nection the most interesting contribution is that of $,C,Bal1(1918, Migra- 
tion of Insects to Rebecca Shoal Light Station and thé Tortugas Islands, 
with special reference to mosquitoes and flies. Carnegie Inst. ,Washington, 


Publ. 252) in which he shows that house flies appar: 


i4)) 


ntly migrated with th 
wind from 46 to 95 mies. 
The house fly has been found breeding in horss manure, human excrement, 


and hog manure very ireely and to some extent in cow and chicken manure, 


meaeays its eggs i 


© 


reat variety of decaying animal and vegetable mater- 


He) 
3 


jails, such es sloes, spert hops, moist bran,ensilage, rotting potatoes, 
. | 
dead animals, excreta-soiled straw, paunch contents of sdaughtered animals, 


Soiled paper and rags, etc. 





JHE BLUE BOTTLE FLIES_OF THE GENUS CALLIPHORA. 
. HSAT 


The large blue bottle fly, Calliphora vomitoria and its/relative 
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s.oryinrocephaia are often found in houses, These flies have also been 


showm to be dengerous insects ce sees of eee ability to transmit diseasé. 
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ease organisms than the 
house fly because of their habits of breeding in live flesh which gives 
them abso the mamas blow flies, The adults are bluish black on the thorax 


and dark metallic blue on the abdomen. In vomitoria, the genae are black 


— 


and beset with golden red hairs, while in erythrocephala the genae are 


OE pe Se ae ae wm oO 


Tulvous to golden ycollow and beset with black hairs. 
These flies are necrophagous and deposit their eres upen any fresh, 
decaying or cooked meat, snd upon dead insects; they breed in human excrement 
pand will deposit their larvae in any open flesh wound. On the battle ?ront 
where the wounded may lie for long periods and where many dead bodies remain 
vuncared for, these flies have multiplied to tremendous numoers and are larges 
dy responsible for the carrying of infections toswounds. ‘The subject of 
myiasis is to be discussed ino later lecture so we my pass over it at this 
time. 

pe rtent as they are the blow flies are usually subordinated to the 
house fly in the discussions of dangerous flies, but thorough investigations 
of these species are more than likely to greatly increase their standing as 
sease carriers, 

The eggs are deposited in masses of as many as 300 to a batch, and a 
Simgle fly may possibly deposit three batches. They hatch in fron 10 to 20 


hours after deposition. 


The larvae of C._ervthrocephala may be dist binguished from the house fly 
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irvae by having usvally nine but some times up to twelve lobes in the an- 

























terior spiracles; an anterior scabrous swollen ring on each segment of the 


abdSmen, and a ventral groove on each segment beneath; stigmal fisld concave, 


pee teen 





‘Surrounded by three pair of tubercles above, and two jarge and one small pair 
below; the stigmal plates about once and a fourth their Giameter apart, each 
‘with three straight slits, directed principally toward the opposite plate; 


there is also an anal pair of tubercles. The larval characters are illustrated 


by Hewitt and also by Banks, 
The larval period requires seven and a half to eight days at 23°C(73,5°F) 


and the pupal period fourteen days, according to Hewitt. 


SHEEP _WAGGOTS, OR GREEN BOTTLE FLIFS. 
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The European sheep maggot fly. Lucilis cz 


SP ae om we 


esar is primarily an outdoor 


‘fly but occasionally is found in doors, es in farm and country houses. 
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It is more brilliant than the Callipheras,being of a burnished gold with a 
bluish green or shining green, color. The flies are strongly attracted to 
meat and carcasses in which they lay their eggs. They also cccur on human 
and animal excrement. The larvae breed readily in all these substances. 
In Hurope the flies very commonly lay their eggs in matted wool and on the 
flesh on the backs of sheep, and the larvae breed in the flesh causing ex- 
ternal myiasis. 

These larvae measure 10 to 11 mm. in length and have not adequately been 
separated from Calliphora erythrocephola, The larval period averages about 
“fourteen days and the pupal staze about the same. 

Undoubtedly under battie front conditions this fly can be expected to 
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“visit humar. wounds and breed in them 2s readily as a 


v 


has been show by Cao to transmit anthrax 


at 


with equal ease, 


Several] other spscies of Lucilia have like habits, and the larvae of two 
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of these L. seric 


OF a ae 


bed and illistrated by 

’ Banks, 

The Incilia sericata is the common American green boitle fly. It breeds 
in meat and animal refuse and is commonly found in dwellings. 
renges irom brilliant bluish green to a dark metallic bronze green, ana is 
without stripes or other markings. The larva has eight lebed anterior 
spiracles. The same number of tubercles margin the stigmal field behind 
as in Calliphora, but they are smaller and sharper. The stigmal plates 
are about one half their diameter apart, each with three straight slits, 
directed somewhat toward each other, but also downward. This species also 
attacks ulcers and sores of men and animals, Its most common attack on 


Sheep and calves is made on the soiled rumps of animals suffering from 


diarrhea. No @oubt-the flies 2lso serve as distributors of the diarrhea, 


THER SCREW WORMS AND BLOW FLIZS. 


er ee re ee 


screwy worms and blow flies is 


39) 


The question of myiasis, which covers 
to be considered in a separate lecture, but mention must be made of them 

at present because undoubtedly many infectious diseases are carried by 

these pustcts which attack alike live flesh through wounds and dead ani- 
mals. I would hardly hesitate to claim that probably 211 such flies may 
carry anthrax at least, and probably do carry cther diseases. 

Bishopp, Mitchell and Parman (1917,Screw Worms and other maggots affect- 
ing animals, U.S.Dept.Agr.¥Farmers' Bull.857) describes quite fully the 

habits of the common American screw worm, 


in both carsasses and flesh wounds. They also treat hormia regina, the 


gadaverina and the gray flesh flies Sarcophaga texana, S. tiberosa. 
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S, and 5. robusta are also treated. 
Froggatt (2915,Sheep Maggot Flies,Dept.Agr.New South Wales,¥armers' 


Buli.95) has given a very fine treatment of the most important sheep mag~ 


got fdies and has colcred illustrations of some of them. 


> 


All of these flies are likely to be found in houses and markets and 
i 

when given the cpportunitywiil lay eges on meat offered for sale or exposed 
in kitchens or mess halis. If this meat is already cooked, there is a good 
chance of the eggs being ingested and giving rise to gastrointestinel mviasis, 
But the danger from fiesh flies is greater than the mere causation of exter- 
nail or internal myiasis. The flies which lay the eggs may have bred in dis- 
eased carcasses, and if so probably will deposit with the eggs a giutinous 
film containing bacteria from those carcasses, for it “wll be remembered 
that the fly larva takes up these bacteria and they may remain in its body 


until it 4s a mature fly lays its eggs,and even longer. 


OTHER EXCREMENT 

Others of our house flies as the nonbiting stable fly, M 
the lesser house fly Fanyia sanicvlaris, and the latrine fly, F. scalaris 
breed in decaying veretsble and animal matter, 


Muscina stabulans looks very much like the house fly but it is a little 


| 


more robust. t is gray and the thorax is marked with four longitudinal 


black lines. The principal differential character is in the wing venation. 
The larva ,however, is easily distinguished from Musca 


lobed anterior spiracles and the anal stigmal plates scarcely elevated, less 


than their diameter apart, each with three very short slits pointing towards 





those of the opposite plate. It breeds in decaying and live vegetable matter, 


human and animal excreta, and has even been reared from insect puparia. Tt 
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sds likewise in raw and cooked moat and on carcass3s, It is therefore 


4 very potential disease carrier , Possessing all the opportunities of the 


house fiy, with which it may already be mixed in meci.cal literature, 
famni2 ceniculari: and F. seals two flies commonly found in 


aa). 
houses, which greatly resemble the house ray, 


but the former may be dise 


- tinguished by the presence of only three dark stripes on the thorax in- 


Stead of the four found in the house fiy. The lsrvae of these flies ars 


very readily seperated by the large number of processes on all the seg. 


ments. The posterior spiracles are located on raised processes and are 


not plates as in the Species mentioned above, Tn FP, cConicularis there are 


four lobes to the posterior Spiracles and six finger. like lobes to the 


eanterior spiracles, 
These flies breed 


in excrement, and all kinds of decaying vegetable 


matter and are often found in cases of intestinal myiasis, 
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CAMP SANITATION WITH SPECIAL REFERENCE TO 
INSEST CONTROL AT CAMP DIX, 





W.N.Hess, June 24,1918 

Camp Dix is located on a slight height of ground in Central New Jersey. 
It no doubt was chosen for an army camp with considerable forethought for 
it possesses an ides] drainage, the soil is sandy, which fact to ogether with 
its natural slope, and the extensive system of surface ditches, permit n0 
standing water on the grounds. An extensive underground sewer system dis- 
poses of the waste from the kitchens and latrines, 

The entire sanitary conditions appear to be excellent. Everything is 
kept clean both outside and within the barracks, so there is little to ate 
tract insects and other insanitary agents. 


So far as insects are concerned the season is only commencing. Captain 


| 


+ 


Bristol and Captain Langbf the Medical Department are taking every precaution 


to prevent their presence in any numbers in the samp, 

Thus far there have been very few flies, yet Ltis probable that when 
warmer weather comes they will be more abunéant. The good sanitary condi- 
tions of the aor eory dargely prevent them from breeding here, All g garbage 
that would Rie ot fiies is stored in iron covered cans and removed daily. 
Horse manure and such filth, in which flies breed extensively, is removed 
daily and shipped in cars from the camp for fertilizer purposes. Disinfect- 


ants are uséd about the stables so there is comparatively little chance for 


flies to breed. The camp kitchens are kept in 9 very sanitary condition 
p i x 


, 


Since they are inspécted frequently by men from the Sanitary Department. 
Wire fly traps are provided for each table in the mess halls. They have 


been of little use thus far however. 
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Captain Bristol says there is nollice problem here, but every pre- 


faution is taken to prevent their entry into the camp, The drafted men 


With lice on his body hé is at once given the regulation oil bath which 
hassproven very succes3ful in ridding the men of these pests. A Hew 
+ 


cases nave been found in the camp but they were coon exterminated, 


The moequitoes of New Jersey are world famous, but thus far they 
Mave given very little trovblc. The barracks are all thoroughiy screen- 
6d so the men arc not bothered by them at night. Aithough there is no 
standing water on the grounds one has to co but a mile or two to the 
South or east before he comes to swamoy ground, Most of these aress have 
| ; | / 

been well ditched so there is comparatively little standing wateron them. 
Oil is being used on the swamps about the camp. On two especially warm 

; . and found 

Nights at the south end of the camp/the mosquitoes ¥euyiabuncant. I feel 
confident that with the approach of warmer wea thoyftney will present a sere 
ious probiem here, 


-- The entomological problems or a sanitary nature in this camp are enormous, 


but up to date Captain Bristol and his men have met them in an excedlent 
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Report 5. 


REPORT ON TRIP TO EDGEWOOD ARSENAL, 
EDGEWOOD, MARYLAND, 


a a 
A Gh ae 


” 


W.Dwight Pierce. 
On July 16, 1918, at the request of Lieut.Woodwerd acting under ine 


structions from Colonel Walker. Commandant, I visited Edgewood Arsenal 


to look over the manure Cispesas. question. 


1 


The foliowing observations were made of sanitary conditions in the 


1 ’ 


CAMP he sanitary officers immediately involved in control work are 
Major 5.L.Chappell, Captain R.#,Irwin, Tieutenants B.T-McCormack and 
C.W.Fry. 

The reservation contains several more or less isolated groups of build- 
ings and quarters. Much contract werk is under way and there are many civ- 
iijan laborers and several contractor groups of stables, As is usual in 


camps in a transition condition, sanitary conditions are net yet at the 


optimum. The roads have been badiy rutted and contain many mud holes and 


™ 


horse droppings are to be seen everywhere. It is hoped that when the con- 


ould consider 


Fi 
7 
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tractors are gone these things can be remedied. In fact 
4+ advisable to have a detail look after the removal of these droppings 
from the streets each day. 


The manure is collected from the stables daily and is hauled to cer- 
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tain incineration areas, where it is windrowed on 2% windrow of 
to give an under draft. This wood is set fire and the windrow burns for 
several days. For humid climates this is 4 good incineration method for 
manure but presupposes cheap wood. The garbage incinerator is on the edge 
of a bank and is formed of brick ovens with reil gratings on which the 


garbage is dropped. A hot fire under the garbage completely consumes it, 
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A tank of water beside the dncinerator is kept hot by the fire below and 
is used for cleansing’ the garbage can’.. Lye is’used in the cleaning. 


In the stable yards I noticed some winds where Mapes weer Tae 
created bad mud holes with rich f1poresding conditions. hase are to be 
oiled immediately and the leak stopped. 

Mosquito sanitation is done by §4téhingneind: ¢bing with knapsack 
sprayers. Anopheles are said to be present and the medaria organism has 
been recovered from one mosquito nat estes in the camp. In apg Cte of 
flowing water drip cans are used, 

Major Chappell has draw up plans for iene be used as a dé- 
lousing Plant which will have undressing eee barbe shop, baths, sterilize 
ing room, and dressing room. Steam sterilizetion will be used to kill tho 


lice, 
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Report 6, 


July 17, 1918. REPORT OF FLY BREEDING IN AND AROUND 
WASHINGTON. 


Complaints have been made of large numbers of flies in various parts 
of Washington. I was detailed to investigate some of these complaints. 

July 9,1918. In Chevy Chose, Mdryland, the fiies were bad on Irving 
Street. In this section there is no sewerage system, cesspools being 
used, which extend slightly above the ground. These are in bad condition 
draining into a small brook nearby. Tin cans and other refuse are dumped 
here, and the thick swampy undergrowth makes conditions worse. A grocery 
store on Brockville Pike had refuse piled behind the store and manure in 
heaps around the stable. Flies were bad here. At a stable between Broad 
Branch Road and Brookville Pike the:flies were thick around the manure 
pile. On Woodbine Lane fiies were breeding in a lars 
stable. At Roy's Dairy mear the B. & O. R.R. the stable was fairly clean 
but flies were numerous and were found breeding in the manure back of the 
stable. 

The garbage from this section is hatiled away two or three times a 
week and fed to hogs by a colored man. Around these pens @re idgal: condi- 
imgns for fly breeding. 

July 17,1918. Complaints were received also from the downtowm sec- 
tions. At 221 B Street,S,W. next to a public restaurant the back yard 
was in an insanitary condition. Chickens are kept here and flies were 
found breeding in the small chicken house and also in a box under the 


roost. 


In an alley between 12th and 13th Streets, extending south from 
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C Street S.W. there was a small stable and manure is piled in several 


“4 
large barrels outside of this stable in the alley. This manure was work- 
ing with larvae. This alley *fS in bad’ shape. 

At Center Market where flies ere so bad, in the center court yard, I 
found a large garbage bin, cpens Flies were swarming everywhere and numer- 
ous larvae were collested around the bottom’ ef the bin o: the ovtside. 

A stable at the corner uf 12th and B Streets N.W. had « large bin 
of manure, The Jid is off and the manure was working with larvae. 

Note. 
These facts have been called to the attention of the local 


health authorities, W.D,Pierce. 
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PROCFEDINGS OF OP# CLASS FARVED TO STUDY THE 
OP aro bbe See 1 psa sue. 
aL taker! “ot TT STA OG LIBEL T SEITE YT CORRS ID OT, 
ELT QMOLUCY OF DIob sob, HEIGL ENS AND DANI ad 2ON.. 


July 22, 1918. 3:30 p.m. 


The eleventh segsicn was held in Doctor Hunter's room in the bureau 


of Entomoicgy in presence of the following: Laker, fa: “ber ,Boving ,3brace, 


MCraigherd, Dusham,Greene, Heinrich,Hoffman,Hyslop,Kneale ,Xoti insky,Vann, 


Middieton,iMcles,Ferrine ,Pierce,Reed, St.George, Snyder, Speare ,fwartzeli, 
Wright ,White, 24 in all. 


The Secretary read the letter of July: 16 from Prof.Glenn W.Herrick, 


2 recipient of our Proceedings, stating that he has found these reports 











very valuable and sheuld have regretted very much to have missed them 
Doctor Pierce exhibited photographs of the house fly anc aiso dis- 


tributed copies of the standard works on flies which were referred to in 


his lectures. 


Mr. Kotinsky expressed the opinion that it might facilitate assimila- 


tion of the lectures tu have them abstracted or briefed by a member of the 
class under assignment. Mr. St.George was requested by the leader to make 


‘such an abstract. 


The Leader referred to the assignment regarding entomology anitary 
conditions, stating that some reports had been received and that he Aad 
one in preparation on Washington, particularly Center Market. 

The Leader then read his lecture entitled: Important Phases in the 
Life History of the Noa Biting Flies. 

Mr Snyder was called upon to report on Quantico which he had visited 


during the week and was requested to prepare his statement in writing. 
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| Doctor Pierce spoke on his trip to Edgewood Arsenal. 
Mr. Kotinsky concluded the session by reading to the class the state. 


nt in Science, July 19, on "Guarding Soldiers" Camps against Flies. and 


v6 3 J. Kotinaky, 


i : fg Secretary. 
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On July 24, 1918, on an invitation conveyed through Lieutenant 
T.R.Kendall, I visited Camp Lee near Petersburg, Virginia. The Camp pro- 
per is located about three miles from town. In general the Camp is forme 
ed 1itke a rough horseshoe, with headquarters behind the center and the 
ends farthest from town. The company stables are all,located on the 
outside of the horseshoe. The septic tank is being constructed beyond 
the left end of the horseshoes The garbage disposal jiant, remount staq 
tion and base hospital are somo distance from the camp proper on the 
town side, 

The Camp Surgeon is Lieut.Col.C,.&.Fronk, whom I did not meet. I met 
the Assistant Camp Surgeon Major David N.W.Grant, Captain T.J.Duffield, 
who is in charge of mosquito work and drainage, Lieut.R.G.Church, of the 
Utilities Q.M.Detachment, in charge of water and sewage in camp, and 
Lieut. J.R.iecVay, Saritary Inspector of the Replacement Camp. 

The Camp has a regular printed book of sanitary regulations which are 
very minute in some respects, but it is possible that the lack of precision 
in orders regarding certain insect conditions may be partly responsible for 
Some of the conditions on which I will report, These orders are very pre- 
cise about the fly around the barracks and picket lines, but do not touch 
upon fly questions at the incinerators, manure loading platforms, garbage 
disposal plant, or in the sewerage system. Anti-mosquitoe regulations are 
lacking. There are no instfuctions regarding lice, bed bugs,roaches, etc. 


I notice by the Camp Paper that a reward of $50 is offered to the 
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_where to get myriads of flies on the came grounds. The fly problem is very 
"serious in this camp and is entirely due to the lack of proper oversight of 
‘certain bad fly breeding foci. In fact the fly is not taken very seriously 
except by a few men, Bites wer present in 211 buildings especially the 

F mess halis, some worse than others. Pyramid sticky fly papers are hung up 
in all rooms and are catching multitudes of flies. JI saw raw meat being 
chopped a hamburger which was swarming with flies. 

Inspection of barracks is very thorough and I was very much impressed 


with the results obtained by Lieut.sMacVay. The unusual presence of flies 
in the barracks is due to causes outside of his jurisdictior, All waste 
is placed in screened enclosures with labels separating the cans for meat 
waste; grease waste; vegetable waste; coffee greunds; egg sheils etc., 
bottles; cans, 

The garbage and cans are hauled in closed cans to the garbage disposal 
plant. All cans are supposed to be perforated in the bottom but are not. 

q At this plant ws a long line of farmers with cans into which the garbage. 
was dumped. Thoy carry this away end feed to pigs. I did not learn of 
any supervision over the feeding of this gartage, The cans are cleaned 
with soap anil a cleaning powder but go back covered with flies. 

I suggested to the sergeant in charge that they be cleaned with some 
) creosote compound. He was giad to have suggestions, The floors of the 

_ washing room were greasy and covered with flies. I suggested that these 
also be cleaned with creesote. Tne drippage is caught beneath on a cement 


Platform which drains into the sewer. This is washed daily. There is no 


grease trap here. At the door where the cans are loaded into the wagons 
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the ground was soaked and very attractive to flies. I suggested oiling. 
Nearby is the dump for tin cans. Here a mountain of valuable tin is being 
wasted, These cans although punctured could hold enough water to breed 
multitudes of mosquitoes, A fire burns at one place on the dump where 
coffee grounds, eggshells, banana peels, melon rinds etc., are supposed te 
be burned, While the sergeant was elsewhere I saw fresh horse manure, 
piles of banana skins, eggshe@is, coffee grounds, and cakes dumped among 
the tin cans and swarming with flies. He has great difficulty to enforce 
proper dumping: <A fire was ordered built over the offending material, and 
it was suggested that the cans be covéred with earth. Over the bone cans 
the sergeant had placed several fly traps and had them full of flies but 
hadn't caught half, These cans are emptied every day but always stand in 
the same place. Fly larvae were crawlirg around on the ground about these 
cans, Suggestions were nade for better handling here. 

The remount station ships out from seven to nine carloads of manure 
each day. The stables and yards are cleaned every day but neither oil nor 
borax has been used very much, From the looks of the yards I should say 
that the soft ground is saturated with manure and must be breeding flies, 
although I did not have time tc investigate. At the manure loading station 
the manure is dumped from a high platform into the cars. Much of it falls 
on the ground and is supposed to be gathered up and loaded. This however 


is careiessiy done. For several hundred feet along two tracks there were 


accudilations of manure, and also under the platform and this manure was 


breeding many flies. 


The sowers are badly constructed, with leaks at many joints and I 


understand this condition exists over the whole camp, so that frequently 
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the leakage causes a pipe to sink and forma trap. The sewer opens.a 
very short distance from the barracks into a fast running stream but 

soon slows up, Léss than one-half mile from the barracks I saw the worst 
menace to human health I have ever seen. This sewage bearing stream, some 
20 feet wide was dammed and also blécked by a large barge and fecal matter 
had backed up for a distance of over 600 feet and to the depth of a foot 


: actually measured, It was alive with myriads of fly larvae and was covered 
t with flies, Here is the answer to the fly campaign in the camp. This 


: condition has been reported several times I understand. If action is not 


4 

4 

H soon taken it will back up to the very mouth of the sewer in a few cays, 

; Below the dam the water was fairly clear except where the abundant 
3 obstructions had caught and held fecal matter. Undergrowth was cleared 
g along this stream and trees cut but ths trees were felled inte the stream 
| - bed so that its flow was in many places cbstructed, No attention had been 


given to this stream from a mosquito standpoint. Cattle were grazing elong 





its banks. 
The mosquito work is done by a retail of 60 negroes and Captain Duffield 
has no assistants to do scovt work, Anepheles has been found. A large 
swamp area has beer drained, hut ~ saw many streams of flowing water which 
have not been touched by sanitary squads. Rank vogetation bordered the 
‘ 


Ranks of the sirsuns. 


B11 cases of genito-urinal di 


16?) 


eases are isolatod at oné end of the 
canp esd it was noticeable that in this end of the camp the latrines had 
not been screened, This section is inspected by officers of the base 
hospirar . 


The bed bug has not given trouble in the barracks but is bad in the 
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officers quarters, Fumigation has not been very satisfactory because of 
the deuble walls and loose construction of the buildings so that the bugs 
are found on the outside of the building following fumigation. Captain 

tuffield says the onky way he can figure on meeting this is by Bey iin 


~ 


ing a tarpaulin covering for an infected building and fumigating with 


An excellent septic tank to handle all sewage is being constructsa 
under the direction of Lieut.Church, and troubles such as mentioned avove 
Wiil not occur again, alth ugh the Poodt saturated bed of the stream may 
give trouble for sone time after proper action is taken in removing the 
tremendous accumulation of feces. 


= . ‘ 
1 


in a few days it is expected to house 5000 men in stables with dirt. 
floors which are urine scaked. ‘hese stables have been whitewached and 
‘lime eprinkted on the flecrs, but they have net been sewpt clean of the 
Manure around ths edges, ‘Two cots will be piaced in each stali. L weuld 
rather sicep oviicors myseift, These stables ere not screened, The mess 
A * 
Matis for these men are roofed but spen on the sides and unscreeneu:. 
Gne interceting feeture cf the mess halls, peinted out by Lieut, 
WacVay, i8 ihe Joose central Voard of each table, which can be removed 


SB) tat oli food unach falls between the cracks can be c.eaned our, as 


7 fly breeding place. 
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"a8 gare water comes from the city water suppiy wich is settled in 
two basins, aium trested in two other basins, filtered through sand, and 
then gurified with chisrine. Toe city water works is under the able 


 @ires.ion of Lieut.X%endajl, a eanitary engineer who has specialised on 
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A glance at the organization chart skows that 2 very small portion 
4 7 . , , . é ; : 

of the work of the Camp Surgeon's Office is apportioned to the Sanitary 

end of the work in which we are most interested. 


‘Sanitation around the Camp and in town is ably directed by the Public 


Health Service, 


In considering the state of affairs, serious as it is, we must grant 


theirs at all. It may be entirely the fault of Mee ee eat 


know that all of the matters I mention have been reported to the medical 
officers, but I do know positively that the worst conditions were reported. 
_ They have a very thorough system of reporting and the condition of affairs 
‘is known in Washington. The big trowvle and one that I think active meas- 
ures should be taken to remedy is: that the camp sanitation personnel be- 


Comes changed whenever the division goes overseas and a new personnel 
unfamiliar with the conditions has to be built up; that the medical corps 
has no regular cetachment of inteiligent white men tu do the ditching, 


' 


Gleaning, etc., but if it has any detachment gets consciertious objectors 


or ignorant, backwood negroes, and has to depend on thé Quartermasters 


Corps for snecial assienments in Be heehee tae ead) fra by ek the medical 
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Beorps has no adec 
Bespor: Oh sanitery mensures. wt the aotual work of carrying ovt the ne 
Beetiors must be dors ty erder cf the sommanding cfficer.of the unit 
Bercermme’, and if thie officer is now dispessd, ncthing can be dene but 
to 4 higher officer, Arparentiy the sewage-trovble at Camp Lee 
be ime diiity sc settie on vne proper agenvy to do the work. Such 


HIANSs sould net be. When it comes to health matters of as grave potentiality 
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as this, red tape must be broken. The sanitariens should have thé right 
o dynamite the dam and move the excreta, widen the channel or do whatever 
may be necessary immediately upon discovery. 

Army officers do not yet realise the importance of the fly ~ it is 
more than a carrier of typhoid and dysentery, it carries a multitude of 
serious diseases, and fly breeding must not be tolerated within the bounds 


of a camp. 
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SEARCH PROBLEMS. 


OT a eee ee ee we ee ee 


TROT 


Please answer as soon as possible. These problems are practicai 
problems met every day by army sanitarians, 

9. How can you exterminate the cockroach in a double walled, 
loosely boarded mess kitchen? As soon as poisoning is started they 
migrate, Draw your answers if possible from personal experience. If 
you have none, hunt up a cockroach infested kitchen and try an experiment. 
A satisfactory solution of this problem is badly needed. If without ex- 
perience, answer from theoretical standpoint. 

10, What is your experience in ridding dwellings of bed bugs? What 
would you do in case of a badly infected barracks with double walls and 
many cracks? A satisfactory solution is badly needed, 

ll. How can ants be kept from kitchens? 

le. Outline a scheme for adequate entomological sanitation of an 
army camp, 

13. If with a marching army as sanitary entomologist, what would you 
consider necessary to be done at each stop and how would you divide the 
responsibility for having it done? 

14, Draw up a set of entomological regulations for an army camp on a 
permanent basis, 

15. You are in charge of entomological sanitation in a newly built 
camp. A sanitary detail of 100 men is given you, none of whom xnow anything 
of sanitation. You have one month to prepare the camp for 20,000 troops, 


Tne contractors are about to leave. What will you do? 
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Po : i% “sy 
“July 29, 1918. Lecture 11. INSECTS _ Passe zeta eve, 
E.W. Laake, 
; 
* Before the meat packing establishments of the United States were 


_ 


placéd under government inspection there was very little attention paid 

to insects and their control in such establishments unless there was a 
direct loss to the packer, and even then only such methods as were nec- 
essary to meet the immediate situation, rather than the requirements of 
permanent sanitation, were employed. uring the first years following 

the institution of inspection by the Bureau of Animal Industry under the 
law of 1906, packing plants were remodeled or rebuilt according to govern- 
ment specifications, and conditions were vastly improved from a sanitary 
standpoint, although the insect question was not handled vigorously until 
during the past few years. The importance of safeguarding from contamina- 
tion and infection the millions of tons of meats and meat products prepared 
by the numerous packing houses in the United States is indeed a task worthy 
of attention, especially during the present time of the world conflict when 
our products are so direly needed by us and our allies. The insects play as 
great a role by contamination or actual destruction of meats and meat pro- 
ducts as they do in other branches of agricultural industries is easily 
demonstrated when one becomes familiar with the ravages of these pests in 
the numerous establishments in our country. 


Flies are the principal cause of annoyance and loss around packing 
houses. The house fly is probably of first importance. It is especial- 
ly troublesome around the loading docks, in sausage kitchens and in markets, 
The blow flies are often very abundant, especially in departments handling 
inedible materials. In this country the black biow fly (“hormia regina) 
is probably the most important. The green bottle fiies (ives Llia sericata 


oe ee oe — ee ar 


and Is caesar) rank hits and in the Speed beat of ene) United diego 
the summer months, pee Mee tanied ch tie ae bottle ties (Gita pKar 
spp. and Cynomvia cadaverina), flesh flies (Sarcophega spp.), Musvira 
Stabulans, M.assimilis, Ophvra spp,, Chrysomyza, spp., and the skipper fly 
Piopriis casei), Hide and ham beetles, mostly of the family Dermestiqae, 
are of local importance, especially as destructive to hides. The thre 
common cockroaches are to be found,especially the American roach anc the 
croton bug, 


Associated with all the larger packing houses are large stock yards, 


horse and mule barns, rendering plants, and thickly popuiated dicveiats, 
@11 of wnich are prolific insect breeding places. These furnis”. paike sear ed 
their miilions of £4285 with those procuced on the pr ems. ee ei ths s2.Gk-. 
ing plants themselves, to constantly atiask the fresh products of tho ested. 
Paaskmerts, Sanitation throughout the establishnents anc bate Aas andor 


Boverrment inspection, and in railway cars and other vehiciss usec 
Porting meas, is rigidly enforced, bus government inspec ters nave 
diction over sanitary matters beyond that, no matter hew bad the Siist 
conditions may be. 
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With efficient city health departments a great deal can be done 

in cooperative work with the sanitary work of the packing establishments, 
but this is not always possible and as a result the production of myriads 

of flies goes on constantly in the immediate neighborhood of the plants 

and the task of protecting meat products and controlling flies at packing 
houses becomes proportionately more perplexing. In our Southern States this 
is an all year round work due to the fact that our winters are rarely suffi- 
ciently severe to cause the death of the immature stages and during warm 


_days numerous adults emerge and seek food and protection in the constantly 


heated tankage and blood dryingrooms or other favorable departments. Here 
they usually also find darge stores of excellent breeding material and can 
develop to maturity in a comparatively short time during the winter months. 
The breeding of blow flies in large accumulations of tankage and blood in 
drying rooms, as it is found in many packing houses, may take place during 
the winter even in the more northern latitudes as there are many species 
of blow flies that are quite resistant to cold and have the advantage of 
many warm protected places during severe weather. 


That flies are carriers of many different diseases is well known. The 
germ-laden flies can easily contaminate many different cured meat products 
which are sometimes consumed without being cooked, or contaminate fresh 
meat products with putrefactive non-pathogenic and pathogenic bacteria, in 
this way hastening decomposition, and rendering the meat unfit for food. 
There is also loss of much meat that is “blown" with eggs or damaged by 
skipper fly larvae, 


Next to importance to flies in meat packing establishments are cock- 
roaches. Although they are not as numerous as flies, they are gdeeshtadn al- 
most all establishments just as they are more or less plentiful in dwell- 
ing houses. The damage done by cockroaches is due not so much to what they 
actually consume, which is necessarily a small amount, but to losses of 
portions of food which are contaminated and rendered nauseous, The presence 
of roaches leaves a fetid odor, which is persistent, and foods so tainted 
are almost beyond redemption. This odor comes chiefly froma dark colored 
fluid excreted through the mouth of the insect and perhaps also from the 
Scens glands occurring between sertain segments on the bodies of both sexes 
from which an oily liquid of a disagreeable odor is secreted. Favorable 
conditions for cockroaches as found within packing houses where there is 
abundant food of all kinds, as well as good protéction in the winter, and 
many good breeding places. 


Skipper larvae and hide beetles are often found by the millionsin the 
bone storage houses, especially in stores of bones collected at large in 
the country to which pieces of dried muscular tissue and skin are attached. 
These insects are not so often found in the department of edible supplies of 
the packing plants as the packers are well aware of the damage done by them, 
especialiy in cured and dried products, and a constant watch is kept to pre- 
vent their appearance or to quickly exterminate them when they do appear in 
such departments, 














a 
a 


























~ 175. 


oO ne OF ee et Se eT ee Se eS ee ee ee py oer oo oe re es ae — oe a er ee ee 


The importance of proper construction and arrangement of abattoirs and 
packing plants with a view to eliminating insect breeding places and pro- 
tecting the food products from insect contamination can not be overestimated, 
In plants already in operation many bad fly breeding places can be permanent- 
ly. eliminated by construction work, For instance much future trouble can be 
avoided by constructing a concrete catch basin, paving docks, loading track 
and stock pens, providing adequate driers for bones, fertilizers, etc., and 
ample dry storage facilities for inedible products, Excellent breeding media 
of both vegetable and animal metter are almost constantly present and are 
often found in hugs quantities in various places on the premises of estad- 
lishments or on "dumps" near the plants. Too often these darge accumulations 
are neglected for some cause or other and insects, especially flies, have 
ample time to develop and emerge by the millions and many such places, es-~ 
pecially those not under government supervision,are constant producers of 
myriads of flies throughout the warmer seasons of the year. 


The undigested food of cattle called paunch manure, and the contents of 
hog stomachs together with the horse manure and stable cleanings from the 
horse barns, partly blood-saturated sawdust from the meat coolers and sedi- 
ment from catch basins saturated with bloody water are usually hauled to a 
general dumping ground. These dumps are thus rendered very attractive to 
house and blow flies and nearly adl of this material is wet when it is dumped 
and must have a day or two of hot weather in order to dry sufficiently to 
burn well. If it remains as long as four days before burning, which is 
often the case during rainy weather, fly larvae have sufficient time to de- 
velop before the material becomes dry enough to be burned and migrate to 
& nearby place where they enter the ground and complete the life cycle. 


For the destruction of paunch manure, etc. incinerators of various 
types are used by some packing plants and stock yards, At Omaha, Nebraska, 
the Stock Yards Company has erected a huge incinerator of a special type 
that contains sixteen darge cells equipped with water pipes throughout, 

As the contents of some of the cells are slowly burning, the water pipes 
are heated and the hot circulating water dries the contents of the freshly 
filled cells which are later also slowly burned. The ashes and charred 
material are then removed, mixed with finely ground, dry sheep manure and 
Sold for fertilizer, At least six men are constantly employed filling the 
cells and removing the charred contents and the returns realized from the 
fertilizer are said to be sufficient to pay for all labor and pdyya reason- 
able amount of dividends on the investment of the incinerator plant which 
was erected at a cost of $40,000, 


Other types of incinerators in use which are operated mostly by packing 
Plants for the disposal of paunch manure and refuse of all kinds are single 
and double cell brick structures where everything is completely consumed 
and the ashes are used for fillers of various fertilizers. At Chicago one 
Plant hauls all its paunch manure and refuse on railroad cars a short dis- 
tance away to an incinerator made of a series of old discarded iron rails 
which slope from the top of the track embankment to the ground with con- 
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Siderable air space below. Here a fire is constantly kept burning and 
consuming the manure} ete, Piledon the rails above. Ashes filling the space 
below the rails Are removed when necessary and are mixed with other fertili- 
Zers. Ata few large plants the paunch manure is loaded daily on railroad 
ears dnd is shipped out two or three times a week to places in the country 
where the manure is sold to truck farmers. The trackage beneath the cars 
along the loading docks is paved with concrete to prevent full grown larvae 
from escaping from the loaded cars wnen they are held over severa® days, 

The paving extends well around and beyond the length of the cars and near 
the outer edge is provided with 2 narrow, deep gutter filled to half its 
depthhwith water where it is connected with the sewer. ‘hus can carry off 
the excess of water and traps the maggots as they endeavor to migrate to a 
place for pupation, 

When treatment of infested dumps is necessary borax solution or crude 
oil is mostly used, Spent Fuller's earth, a waste product from oil and lard 
refineries at packing houses, is also used at some plants with fairly good 
results, if the earth is thoroughly mixed with the paunch manure, etc. or is 
used as a covering. Spent Fuller's earth, when it is discarded at the re- 
fineries contains about 8 per cent 011 and acts as a larvicide besides 
being a repellent for several days. In experiments at a Dallas packing house 
a saturated solution of arsenic was also found to be very effective for kill. 
ing larvae in paunch manure, 


Many other breeding places of importance exist such as in the hog hair, 
tankage, blood cooking, and drying rooms, as mentioned before, in fertilizer 
buildings, and along fertilizer lozding docks where pulverized tankage and 
biood and bone meal accumulate on the ground under the cocks, and along car 
tracks where it becomes moistened by rain or by open sewage disvosal lines, 
quite often found under such docks, Often the soil so covered with moist 
animalmatter is found to be heavily infested with blow fly larvae. Borax 
treatment for such infestations is very effective and must be repeated free 
quently as fresh material is always accumulating and is readily reinfested. 
Crude oil or fuller's earth applied heavily on such breeding places packs 
the soil down well and also renders it less attractive for flies for a much 
longer period. It has repeatedly been observed by the writer that where 
enough oil or fuller's earth had been applied there was no fly breeding 
going on, When the capacity of a packing plant is over taxed, or when 
labor is short, large stores of bones and hog hair do not get thoroughly 
dricd in the hot air driers and these then become heavily infested with 
blow fly and skipper fly larvae. The same condition is also often found 


in storage houses containing bones, hair, blood, and tankage that have been 


thoroughly dried byt again moistened by water leaking through a bad floor 
or bad roof above, To prevent fly breeding in any of this material it must 


be thoroughly dried and then stored in an absolutely dry place. 


Another common source of fly production found at packing plants is under 
and around stick-water vats where the glue stock is manufactured, Steel 
and wooden vats are used for boiling stick-water and sooner or later these 
vats may become leaky or are heated to such an extent that the stick-water 
boils over and saturates the soil below. Prolific fiy breeding then takes 
Places Borax solution or crude oil treatment for such infestations is very 
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effective. In the stock yards the hog pens are usually all paved and the 
"manure etc. is washed into sewers leading to a nearby stream. In many in- 
/Stances the sewer outlet is not dirsctly into the water and the manure is 
“deposited in large quantities along the banks of streams where it becomes 
heavily infested with fly larvae which develop in the moist manure then 
)mMigrating to dry places for pupation and emergence. The manure mixed with 
hay and straw from cattle pens is usually havled to nearby dumping grounds 


and is there allowed to decompose or is occasionally burned over, but very 
seldom incinerated. 


Cockroaches are found in the blood and tankage rooms, dressing rooms 
and other departments that are not under refrigeration. Modern steel and 
concrete construction has much to do with eliminating these insects. The 
use of steam and hot water in cleaning up the machinery, walls and floors 
of all the départments and rooms containing edible goods destroys most of 
them that come in during the night and do not return to their better pro- 
tected hiding places in the departments of inedibles where there are also 
good breeding places. Where steam and hot water can not be used freely 
against roaches the dusting of sodium fluoride is very effective. About 
four pounds of sodium fluoride applied with a dust gun by the writer in a 
dry salt cellar and tankage drying room at a certain packing house killed 
over 5,000 rogches and thoroughly cleaned away the pest. A thorough in- 
spection of these same departments months later revealed only a few roaches 


Which probably came in from other departments of the plant that were not 
treated. 


When skipper fly larvae are found in cured meats the vroducts in- 
fested are trimmed and the storage rooms thoroughly cleaned, or if the 
infestation is severe the meat products are rendered for inedible pur- 
poses, the uninfested products removed and the storage rooms fumigated 


PROTECTION AGAINST TNshers. 

That flies can be kept out of packing houses to such an extent that they 
are not objectionable is well demonstfated in some of the large plants at 
Kansas City, Missouri, Davenport,Iowa; Omaha, Nebraska; Milwaukee, Wisconsin, 
and Topeka, Kansas, which are completely and thoroughly screened and remain 
remarkably free from flies on the inside although flies are plentiful on 
the outside. 


For the protection of meats against skippers it is necessary to sercen 
closely with twenty mesh wire. It is also necessary to keep the store rooms 
darkened. The use of fly traps around packing plants is fully justified. 
Even though everything possible is done to eliminate breeding places on the 
premises great numbers of flies come from the surrounding district to the 
attractive conditions which are to be found around packing establishments. 
Our investigations have shown that flies quickly come to slaughter houses: 
when liberated at nearly a mile distance. No doubt they often travel much 
farther to such establishments. Traps of various models are used extensive- 
ly at packing plants ard where traps are well handled great quantities of 
flies are captured. Accurate records kept by some plants show that as high 
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as 285 pounds of flies were captured in one week with 65 traps of the coni- 
cal hoop type. This type is by far the most efficient all round fly trap 
of some twenty different kinds tested at packing plants. 


The most attractive bait for blow flies is the mucous membrane which is 
freed from intestines after it has become sour. At packing plants this 
material is knowm as "ecut slime" and when it becomes warm it ferments rap- 
idly giving off a very obnoxious odor that is very attractive to olow flies. 
On account of its bad odor it cannot be used in departments of edible foods 
or on loading and shipping docks. ‘Sugar or molasses, one part, to three 
parts of water, makes a very good bait especially for house flies. A cheap 
black molasses mixed with three parts of water and allowed to stand a day 


or two before it is used to bring it to fermentation is a very cheap and 
effective bait. 


Fly paper used extensively in sereened rooms catches practically all 
flies that have gained entrance through doors which ars necessarily opened 
and closed where much trucking is done. Screening of some doorways which 
are constantly in use by in and outgoing trucks is not practicable as 
flies light on trucks and follow them through the doors, and soon congre- 


' gate on the inside of such rooms or departments. 


To exclude flies from entrances of such doorways a rapidly revolving 


ceiling fan or rotary blade fan operated at a high rate of speed has been 


found to expel flies very effectively. When they enter the air current 


which should be directed down and outwardly they are driven out through 
the entrance. 


Where breeding places are reduced to 2 minimum, where the plant is 
well protected by thorough screening, and where flies are effectively 
trapped, there is very little loss of meat or meat products, and the plant 
js ina sanitary condition from an entomological standpoint. 
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Lecture 12. THE CONTROL OF THE HOUSE FLY AND RELATED FLIES. 


W, Dwight Pierce. 


August 5, 1918. 


We have now come to one of the greatest problems in Medical entomology, 
The control of the treacherous flies that visit our homes but to bring sick- 


ness and death. In two lectures I have given in condensed form an abstract 


of the proofs of disease transmission by the house fly and other nonblood- 
sucking flies, and in another lesson sketched the life history of some of 
these flies. We may now take up in an orderly manner a plan of fly eradica- 
tion. The antisfly measures may be classed as repressive and palliative, 
and-of course the first are the most important. 


THE FLY MUST BE FOUGHT WHILE BREEDING AND BEFORE IT HAS A CHANCE TO 
SPREAD DISEASE. Many persons object to the antifly breeding measures be- 
cause of cost, but no cost is too great if thereby we prevent epidemics 
and the loss of thousands of lives. 


Inasmuch as we are dealing with the fly as an army, am@macipal, 4 rue 
ral and a home problem the subject will have to be handled topically. 


REPRESSIVE MEASURES 


Striking the source, 


Manure: The house fly normally breeds in horse manure, but may also 
breed in the manure of other domestic animals. It is apparent that this then 
is the first and most difficult point to strike. Army discipline makes it 
possible, when the command isproperly educated to the importance of it, to 
contrel the manure ppoblem more easily than under any other condition ona 
large scale. Army camps in this country are producing manure on the whole} 
sale scale of trainloads a day. Instead of the manure of the horses being 
thinly scattered over great areas, it is concentrated ina relatively small 
areas 


Gonservation of the manure is of course the important thing if possible. 
Here is gathered together tons of most valuable fertilizer. It should 
be put fo use. Consequently there have arisen different methods of handling 
to bring about its utilization.e Large army cantonments in progressive rural 
sections are able to farm out the manure or sell to contractorg who ship it 
by the carload daily. Elsewhere the manure is built up into compatt stacks 
by driving the wagons over the top to pack it down and patting the sides to 
make tham straight, In such cases the manure is treated with borax at the 
rate of 1 pound to 16 cubic feet, or 0.62 pounds per 8 bushels of manure. 
this will kill about 90 per cent of the larvae. Straw is scattered around 


the edges and oiled, then swept up every few days and burned. British auth- 


erities have claimed that creosote does not injure the manure but the exe 
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perience of Hutthison and Cook has been that it does. Borax used in the 
proportions recommended above is harmless to the manure. A water extract 

of hellebore, prepared by adding 1/2 pound of powder of hellebore to 10 gal 
lons of water, which after stirring is left for 24 hours, is effective at the 
rate of 10 pallons to every 8 bushels ( 10 cubic feet). Likewise a mixture of 
1/2 pound of calcium cyanamid and 1/2 pound of acid phosphate to each bushel 
of manure gives a larvicidal action of 98 per cent. Unfortunately these last 
two remedies are not available at present, 


Hutchison's maggot trap consisting of a large slatted wooden platform 
over a cement water filled basin is an excellent method of preserving relative 
ly small quantities of manure and was proven practicable at the Maryland 
Agricultural College. The principle of this trap rests upon the discoveBy 
of the migration of the larvae from the stack before pupation. The larvae 
drown in the water which may be covered with a film of oil. 


Various types of dark room storage of manure have been suggested. 
Another good method used in Panama, is to set fire to the manure pile 


and burn it down about a foot thus covering the entire pile with ash. 


Daily broadcasting with a manure distributor is all right in dry 
sections. 


Incineration. When manure cannot be sold, farmed out or stacked to 
prevent fly breeding, it must be burned. In dry sections the windrow 
incineration may be practiced. The teams drop their loads in great long 
windrows, the horses straddling the rows. These are spotted with oil 
and set afire. The wooden chimney windrow practiced at Edgewood. 

Arsenal consists of a windrow of logs piled. to form a horizontal 

chimney over which the manure is piled and then fire is set to the 

wood. The hillside incinerator devised by Doctor Mann at Quantico, Cone 
Sisting principally of iron rails and chicken wire screen or gratings 
under which a fire is-burning is practical for a small camp. The 
hammock incinerator, a woven wire hammock or two suspended over a fire 
will do as a temporary expedient for a small detachment on temporary duty. 
Furnace incinerators can reduce the manure to an ash and save whatever is 
of value in the ash. 


Collection of manure must be made daily from all stables, picket 
lines and stable yards. The stable floors should be made hard by satura~ 
tion with oil or mixing with other soils such as the yellow clay, and 
pipe clay mixture with nil used at Camp Meade. They should be daily 
swept clean after removal of all manure, and daily sprinkled with 
borax water or limed,. Frequent treatment with some creosote compound is 
of value, Picket lines become soggy with urine and manure unless treated 
by digging up the soil and saturating with oil and then tamping hard. 
Stable yards become filled with manure. They should be swept or scraped 
daily and all manure removed. Carelessness will occur around the edges 
of the field unless the inspectors are vigilant. 


Manure loading platforms need to be carefully watched. Manure is 
likely to accumulate under the platform and along the tracks and wiit- 


most certainly breed flies. 
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At one place, I passed by a side track where certain grain 
companies unloaded straw and feed, using horse drawn wagons. The ground 
along these tracks was a thick mixture of rotting straw, grain and horse 
droppings. This was across the street from the city market where flies 
were swarming in the fish stalls especially. 


Cities need to exercise special vigilance in the observance of regu- 
lations regarding livery and prifvate stables. I can recall in many good 
sized cities seeing large piles of fly filled manure piled on the 
sidewalk in front of livery stables in tthe heart of the city. Manure in 
cities should be daily cleaned up and placed in fly tight boxes and free 
quently removed to the country. Even in our own city there is laxness in 
the observance of this rule, 


Garbage: Needless to say it is necessary that garbage be kept in 
fly tight cans and that it be daily removed. The army method of building 
a sereetied box for holding the garbage cans is very good. Empty garbage 
cans are very attractive to flies. I have seen wagons full of empty cans 
which had been washed in lye water swarming with flies returning to campe 
It is necessary to wash them in a creosote compound. When garbage is 
farmed out for feeding to pigs the farmers should be bound by contract 
not to take more than their pigs can consume ina day» The feeding pen 
should have a cement foundation so that it can easily be cleaned. The 


‘remains of the days feeding should be burned. Many army camps dispose 


of the garbage by incineration. Others sell to contractors for reclamation. 
Some parts of the garbage are not of value for feeding or reclamation and 

I have seen examples where the material was thrown on dumps and not burned. 
Great vigilance is necessary at all waste dumps to see that no fly breeding 
material is dumped anywhere exéept on incinerators. 


Grease traps at kitchens and garbage can washing platforms are attrace 
tive places for fly breeding and should be kept treated with creosote compounds. 


EXCRETA, The disposal of human excreta is a great problem in all 
communities, but becomes acute in army ccamps. In temporary camps where 
Latrines are nécessary the excreta cmusti be disposed of daily. There 
are various methods many of which have been discussed in the camp reportse 
The excreta may be saturated with oil, covered with straw and burned daily. 
They may be treated with lime or borax, or creosote, and buried, gradually 
filling the latrine. They may be removed daily, hauled to an incinerator 
and burned. When a sewage system is available the difficulties are less, 
but care must be exercised to maintain the sewers in good repair. If a 
man hole does not operate properly and sewage accumulates on the walls 
flies will breed there. If the main leaks and washes away the covering 
soil flies will breed on the seepage. I have actually seen these c#nditions 
in army camps, so know that they are points to be watched. At some point 
unless septic tanks are installed, the sewage will empty into a streame 
The stream bed must be kept free of obstructions with straight banks. 

No trees, shrubs, grass or other obstacles must interfere with the steady 
flow of the sewage, for behind every branch, or root or weed, solid excreta 
will accumulate and flies will breed. In case excreta do accumulate in 
spite of all vigilance they should be oiled, burned off and moved on with 
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all expedition, immediately upon discovery. 


Packing House Waste} Mr. Laake's able presentation of packing house 
problems in the lecture of last week covers the subject sufficiently. 


CARCASSES, Bodies of animals offer great opportunities for the breed~ 
ing of many species of flies and especially for the spread of disease. 
Carcasses should be removed as soon as possible after discovery, The best 
way to dispose of them is to burn them, If they canriot be burned they 
should be treated withequick lime and buried. On thé battle field it 
is often impossible to burn or bury. Foreman and Graham=Smith haveably 
shown the value of coal tar creosote oil as a deodorizer, preventive of 
decomposition and fly destroyer in carcasses. 


MISCELLANEOUS BREEDING PLACES. Factory waste, rotting vegetable matter, 
the accumulation of debris along shore lines, chicken yards, pig pens, alleys, 
streets which are not swept, gutters etc., furnish fly breeding places, 


PALLIATIVE MEASURES, 


In view of the fact that flies canrsdome great distances, even over 
50 miles as shown by Ball at Rebecca Shoal, the sanitarian is not always 
responsible for all the flies that visit the licality under his juris#iction. 
There is therefore always the necessity of taking measures against the 
flies themselves although this is entirely secondary to the prevention of 
breeding. 


Screening. All foods must be protected from flies because many of the 
flies which visit foods lay eggs therein. This is especially true of meats 
which are attacked by blow fkies, and cheeses which are attacked by skip- 
pers. Qity markets should not expose meats for sale uncovered as the ate 
traction to flies is too great. A well screened house will have the least 
trouble from flies. In army camps anywhere in the United States all sleepe 
ing quarters, kitchens and mess halls should be well screened against flies, 
All hotels throughout the country especially in rural communities should be 
required to screen all windows and doors. 

The fly situation around small country hotels is by far the most 
repulsive that can ordinarily be found in any community. Very little, if 
any care ig taken of the privies and the flies come directly from there to 
_ the kitchen and dining rooms. 


Screening of garbage cans has been mentioned and is an admirable proe- 
cedure, A Screened enclosure around privies and latrines would assist inkeerin 
keeping flies away. 


Fly traos. Fly traps of many different designs have been devised. 
The most efficient is the cone and cylinder type devised by Bishopp. The 
Hodge window trap is good. A small cone and cylinder trap may be inserted 
in the lid of garbage cans. The principle of all dfficient traps is the 
attraction of the flies by a good bait, and the arrangement of the tran so 
that once there the fly cannot get away. At all places where flies cone 
gregate, as markets, eating places, packing houses etc., the liberal 
use of good fly traps is a very good measure. As baits for such traps the 
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following suggestions have been made. 


1, Beer, should be renewed every day or two, 


Se ~Milk, 
te Overripe or fermenting bananas, erushed and placed in the 
bait pan. 


4. Bananas and mitk is better than either separately. 

5. <A mixture of 3 parts water, 1 part molasses, is good after 
it has fermented for a day or two. 

6s A mixture of equal parts brown sugar and cheese or curd of 
sour milk, thoroughly moistened is good after it has been 
allowed to stand three or four days. 

%. Mucous membrane from the lining of hogs intestines is at- 
tractive to blow flies and other meat infesting flies. 

8. Ordinary fish and meat scrapse 

9. Moisteried garbage. 


These baits are of little value if allowed to dry out. [I have seen 
the fly traps in army camps standing out in the sun near the garbage cans, 
with no flies within but plenty of flies dround, and the bait dried out by 
the sun. The fly trap must be more attractive than its surroundings. 


Fly paper. Sticky fly paper has distinct merits and in the presente 
sof abundance of flies should be used. The hanging pyramid strips are cone 
sidered better by some army sanitarians than the flat papers. 


Poisoned baits. Many fly poisonga are on the market, Any kind of poi- 
soned pait is dangerous in the presence of children or ignorant persons as 
there are many recorded fatalities to children from drinking fly liquids or 
licking poisoned papers. 


Phelps and Stevenson (1917, Experimental Studies with muscicides and 
other fly destroying agencies: (Hygienic Lab, Bull. 108) have given a very 
thorough presentation of the question of fly poisons. Their bulletin 
should be onnsulted by any one desiring to go very far into this phase 
of the subject. 


The most efficient strength of formaldehyde is 0.5 to 1 per cent, 
which is equivalent to 1.25 to 2.5 per vent of the 40 per cent solution 
sold as formalin. 


A muscicide considered by them as even superior to formaldehyde in 
many ways is an aqueous solution of 1 per cent sodium salicylate plus 
10 per cent brown sugare 


They used sodium arsenite as the basis for their experiments, This 
was made up in stock solution as follows; 


Dissolve 4.95 grams pure sublimed arsenious oxide (As 2%3 ) and 20 
grams pure sodium cabonate in about 300 cc of distilled water by heating. 
When the solution was complete the liquid was cooled to 209 €. and the volume 
made up to 1000 cc. with distilled water. Ten cc. of the stock solution 
were diluted to 1000cc. with distilled water and this wasscalled by them 
the standard arsenite solution, or one-thousandth normal solution. 
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Sodium fluoride solution, 1 per cent, gave a mortality equal to that of 
the standard arsenite solution. | 


An interesting feature of their investigation was the Feduced effective- 
ness of these poisons with lowered temperatures. 


Fly sprayse In the armies fliespften congregate in tremendous 
numbers and some kind of spray is necessary to kill them. Maxwell-Befroy 
handed me the following formula: 


1 tablespoon formaldehyde. 
1/2 pint lime water. 
Lf " watere 


Kirk recommends as a spray in latrines, and tents, a light oi} mixed 
with three or four parts water well shaken. Rubber tubing should not be 


used in the spray. A coarse atomizer such as is used in green houses is 
gerviceable., 


Bacot recommends a kerosene emulsion of 3 parts soft soap completely 
melted by heat in 15 parts of water and the addition up to 100 parts of 
kerosene or other light burning oil, and churning up to an emulsion. This 
may be kept indefinitely and diluted with water to about 1 part emulsion 
to 10 parts water contents 


Protection 6% animals, Animals are seriously bothered by the pestere 
ing of flies. Any kind of netting that the animal can shake to disturb the 
flies is of some value. The question of repellents is one upon which many 
investigators have labored. Graybill (1914 Repellents for protecting ani- 
mals from thesstéacks of flies, (U.S. Dept. Agr. Bul. 131) summarizes the re- 
sults of these investigations. Theseeformulas most in use all contain crude 
petroleum oil amd usually soaps 


A good stock emulsion recommended by Graybill is made of; 


Hard soap 1 pound 
Soft water 1 gallon 
Beaumont crude petroleun, 4 " 


Dilute to 1 pate emulsion to 3 parts water. 


Bishopp's fly repellent consists of: 


Fish oil 1 gallon 
Oil of tar 2 ounces. 
Oil of pennyroyal 2 * 

kerosene 1/2 pint. 


For dairy cattle, Jensen makes a stock solution of crude petroleum with 
the addition of 4 ounces powdered naphthalin, and applies with a brush onee or 
twice a week, 


Jensen has also given three formulas of repellants for protecting wounds 
from flies. 


Formula Noe ls 
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Oil of tar 8 ounces, 


Cotton seed oil to make 32 ounces. 


Formula No. 2. 
Powdered napnthalin 2 ouncese 
Hydrous wool fat 14 ” 
Mix into an ointment. 


Formula No. 3, 


Coal tar 12 ounces. 
Carbon disulphid aan. 
Mix; Keep in a wéll stoppered Bottle and gpply with 


a brush. 


It is of the utmost importance that flies be kept at a minimum in 
army camps. I canddo no better than cite a few authorities of the various 
armies in support of tis. Ainsworth considers the presence of the house 
fly the greatest danger signal to an army in the field, Savas has called 
attention to the connection of flies with the great cholerg outbreak in the 
Greek army. At Gallipoli the flies were in amazing numbers, the food was 
black with them as soon as it was set on the table, They filled the tents 
and shelters, settled on the refust of the camp, and on the ubburied dead, 
and by their annoyance multiplied the sufferings of the wounded and spoil- 
@d the tempers of the hale. . The flies have been very bad in France. 
Kirschner states that in the hospitals near the front the enormous number of 
flies presented a serious danger. Maxwell-Lefroy says that in Mesopotamia 
the tents and trenches were full of flies. The troops at Salonika suffered 
greatly from diarrhea and dysentery which coincided in appearance with the 
abundante of flies. Wenyon and O'Connor found flies in Egypt largely re- 
sponsible for outbreaks of amoebit dysentery among the troops. 


The fact that the flies are becoming bad in our camps should lead to 
very strermous efforts on the rart of sanitary officers even if diseases are 
not present which are known to be carried by theme The inoculation of our 
troops against typhoid fever must not be used as an argument against fly pre- 
vention, as I have had it advanced by sanitary officara recently. Such a 
fallacy may lead the nation into serious troubles. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


OF DISEASE, HYGIENE AND SANITATION, 


£ 
Lecture 13, DISEASES TRANSMITTED BY MOSQUITOES, 


August 19, 1918. W. Dwight Pierce, 


The mosquitoes age the carriers of some of the most potentially dan- 
gerous diseases of armies, but we are considering theme after the lice and flies 
because army mosquito sanitation has advanced so far beyond the measures of con- 
trol against the other insects. To relax in control work against any of these 
dangerous insects might result in disaster, 

2 Hefore taking up the habits and control of mos@uitoes it is consider- 
@d advisable to present to you a synopsis of mosquito transmission of disease, 
The matter may be difficult to assimilate, but may at lease serve as a ready 
references. ome of you may find the making of a species catalogue will help to 
classify the matter presented in these lectures, 


Probably more antomologists are familiar with the facts of mosquito 


transmission of disease than with any other phase of our subject, but it is néc- 
essary that we review the subject at this time gh somewhat the same manner as 

















we have handled the other problems of disease transmissions 


In our study of the lice and non-bloodsucking flies we found that the 


disease transmission was proncipally through ‘the feces, although in the flies 
also through the vom@t, but never by direct dino¢ulation. The mogguitoes pre- 
sent therefore an entirely new type of disease transmission, which we must now 


study. All known cases of disease transmission by mosquitoes are by direct 
inoculation.at the time of the bite, In yellow fever and dengue fever the o:- 
ganism has not been demonstrated; in malaria‘of all types wa have a known organ- 
ism which undergoes a definite life cycle in the mosquito; in filariasis we a- 
s0 have the mosquito serving as an intermediate post for the early stages of the 
worms 


' For complete studies of the life history of the malaria organism in 
© mosquito I would refer you to Hindle (Flies and Disease.Bloodsucking Flies 
ve) in which you will also find lists of Anopheles of the world, with tables 
Or identification, tables of malaria carrters and much more of a valuable ha- 
turé, which should be carefully studied. Many other works deal very carefully 
with the subject however. 


We may perhaps get a new conception of the relativn of mosquitoes to 
asitic organisms by arranging our discussion according to the classification, 
also enabling a comparison with the list of diseases carried by the non 
odsucking flies. Those organisms which are parasitic oniy need tc be list= 
in order that students take into account the possibility of confusing Sbemr 
th the pathogenic organisms being sought. 
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THALLOPHYTA: FUNGI, 





Myxococcidivm stegomyiae Parker, Beyer and Pothier (1903) is a yeast 
normal Bo the mosquito Aedes arganteus (Stegonyia calopus). It was thought 

by its describers to be the causative organisn of yelluw fever, but this was 
disproven by the work of subsequent authors, (Castellani and Chalmers pb. 1005), 


The mosquitoes have not been connected in any way with the cartiage of 
bacteria, 


DISEASES OF UNCERTAIN ORIGIN TRANSMITTED BY MOSQUITOES, 


DENGUE FEVER, One of the severe fevers of the tronics, sometimes 
called break bone fever, océasionally occurs in the United States, It is un- 
doubtedly caused by a living organism which requires over two days to increase 
so as to ptoduce the symptoms of the disease when inosulated into human beings. 
It is so small that it will pass through the pores of a filter which will re- 
tain Micrococcus>melitensis, which is only 0.4 micron in diameter. This mi- 
nute organism is taken up by mosquitoes and transmitted to man. Graham-Smith 
and Ardate have observed small bodies in the red bloes corpuscles, which are 
described as small, usually round, but sometimes elongate, bodies about one 
fifth to one third of the size of a red corpuscle. They divide up into mi- 
_nute granules, which become extra-corpuscular, and complete a cycle of schiz- 
Ogony. Graham-(1903) fed Culex guinguefasciatus (fatogans’ on dingue patients 
and claimed to have found his organism in the mosquitoes uv to the fifth day 
aftep feeding. He succeeded after an incubation period of four to six days, 
in infecting healthy people by the bites of mosquitoes fed on dengue patients 
in two series of exveriments, claimirg the transmission to be due to the Cue 
lex, but he states that Aedes argentus (Stegomyia fasciata) were present in 
many, if not all of his experiments, Ashbura ard Craig (1907) in the Philip- 
pines also claimed to have proved transmission by the bite of the same mosqui- 
to, but Cleland and Bradley (1918) challenge the results of both these inves— 
tigations. Nevertheless Bancroft (1906) conducted experiments obtaining two 
apparently successful cases of transmission of the disease by Aedes arzenteus, 
ten and twelve days after these had bitten dengue patients, while in the fail. 
ures the test patients were bitten fifteen, fitteen and seventeen days after 

the mosquitoes fed on individuals suffering from dengue. 





Observations made by Legendre in Hanoi led him to suggest Stegomyia 
as probably a carrier of the virus. 


Cleland and Bradley conducted extensive experiments with both Culex 
quinauefasciatus (fatigans) and AedesVargenteus (fasciata) and obtained posci- 
tive results with the latter in four out of seven tests, and negative results 
with the former in tito tests, The mosquitoes after biting dengue patients 
were conveyed to districts where dengue fever did not exist. The incubation 
yeriod in man in these cases was from six to nine and a half days, 


YELLAW FEVER, This dread scourge of the tronics is another mesyuito 
berne disease of whith the organism is not definitely known, although it is 
probably Protozoon. Seidelin in 1909, described a parasite belonging to the 
Babesiidae in the blood whd organs of yellow fever patieobst, as Paraplasma 
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flavicenum, which he considered to be the cause of yellow fever, but this or- 
ganism is not generally accepted as the causative organism, There is undoubt- 
edly an organism, for the incubation period in man is three days and the mosqu: 
to to become infected must bite a ratient during the first three days of his 


illness, and then twelve days must elapse before the infected mosquito can tran 
mit the disease, ¢ 


The earliest suggestions of the possibility of mosquito carriage of 
yellow fever were made by Josiah C. Nott in 1888, and Dowler in.1855. In 1881 
Dr. Carlos J, Finlay made definite claims that the fever is carried by the bite 
of a mosquito. In 19000during the American occupttion of Cuba a commission 
composed of W. T. Walter Reed, James Carroll, Aristides Agramonte, and Jesse W, 
Lazear began the investigation of the causation of yellow fever by first defi- 
nitely discredihing the theory of the Italian bacteriologist Dr. Guiseppe San- 
arelli, thet his Bacillus icteroides was the cause, This they proved to bee 
identical with Bacillus sui-pestifer, They then conferred with Dr. Finlay and 
began a thyrough investigation of the mosquito transmission theory. Dr, Fin- 
lay suggested the common house mosquito, Aedes argenteus (Stegomyia fasciata) 
as the cause. The members off the commission submitted themselves to the mak~ 
ing of the tests. Dr. Carroll was the first to take the fever, being bitten 
twelve days after a mosquito had bitten a yellow fever patieat. In four days 
he took the fever. A week later Dr. Lazear while conducting experiments was 
bitten by a mosquito, which be allowed to engorge,but paid little attention to. 
in five days he took the fever and died in a week. In the course of experi- 
ments ten cases of fever were produced at will by the application of infected 
mosquitoes, and alitothbr possible means of infection proved useless (see Reed 
dtc.) 


Br. Guiteras (1901) confirmed the transmission of yellow fever by Ae- 
des argenteus (Stegomyia fasciata) in seven cases, three of which proved fatal. 
Later a french commission,Marchoux, Salimbeni and Simond (1903) in Brazil and 
American commissions composed of Dr. Parker, Beyer and Pothier in Mexico (1903) 
and Drs. Rosenau, Parker, Francis and Beyer (1905}, corroborated the transmissiocr 
of the disease by this mosquito, The last named authors tabulate the whole se- 
ries of transmission experiments showing that in 40 cases of transmission by mow 
quito bite the incubation period after the bite exceeded three days and a frac- 
tion, in only ten cases, and was possibly less than thrpe whole days in only twe 
cases. The maximum authentic record of the incubation period is six days and 
twe hours. 


The cirus of yellow fever may pass through the pores of a Pasteur Cha: 
berlain B. filter, The disease can be conveyed by subcutaneous infection of the 
blood taken from the general circulation of a person sick with the disease dur- 
ing the first three days of the disease, but can be carried naturally only by 
the bite of a mosquito (Aedes argenteus usually oalled Stegomvia fasciata), 
that at least 12 days before has fed on the blood of a verson sick with this dic 
ease, during the first three days of his illness. Phpohylaxis therefore con- 


sists in prevention of biting by mosquito} and its extermination. 


There ig no definite proof that the virus can be transmitted heredi- 
tarily in the mosquito. 


ANIMAL ORGANISMS TRANSMITTED BY MOSQUITOES, 


PROTOZOA; MASTIGOPHORA; BINUCLEATA: HREMOPROTEIDAF, 











he 
~* 
j 
y 
Fi 
eed 
* 2 
5 
7.4 





=~ 
7 + 
ee 
J ; 
5 
? « 
as 
i 


ad 











* 


? 


. 
NC ee 
Sy a ve ~ 
ms wes 
. 
a i! 
* 
ne ht 
.< 4 
2 
ie 
‘ be a ae 
a 12 
: . 
+ > ‘ ve - 
Eee dS we Mg 
. 
. : ita: 
‘ *% ‘ co 
= ~ 
“ee > & 
er 
bree & 
are = ® 
alan * 
» “« - ¢ 
be as © Se 
: _— 
» 
RO Dntgt hs 
a 
Eas ” 
a 
7 oy 
2 " 
» 1S 4 “hfe 
ele 





5 _ , Grassi 

| aemoproteus danilewakyi (Qxggksand Feletti 1890) cause of an avian 
nemia, passes its cycle of schiZogony or sexual multiplication in ®&Perrows, 
larks, ravens and birds of prey, and its cycle of sporogony or sexual multi- 
plication in a species of culex,. It occurs in Europe, Africa, India and An- 
erica, ~ 






Haemoprpteus noctuae Celli and San Felice (1901) cause of avian ane- 
mia passes its cycle of schizogony in the owls, Glaucidium noctuae, Strix flam- 
mea, and Scops gin, and its cycle of sporogony in Culex pipiens Castellani 
and Chalmers (p. 295) give a detailed description of the life cycle as present- 
ed by Schaudiun, but in view of the fact that there is a belief that Chaudium 
has confused this species with a Trypanosoma we will omtt discussion. It is 
supposed to occur in Europe, North Africa and America. 


: Haemoproteus syrnii Mauer (1910) Cause of an avian anemia, passes 


its cycle of schizogony in the wood owl, Syrnium aluco, and its spynogony in 
the mosquito Culiseta annulata. 


g 
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PROTOZOA: MASTIGOPHORA: BINUCLEATA;: LEUCOCYTOZOIDAE, 
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its sporogony in the mosquito Culex papiens, Ths mosquito sucks up from the 

' blood of the bird the gametocytes or preliminary stages of the sexual forms. 
These are taken into the stomach of the mosquito. The microgametocytes or 
male forms escape from their capsules, and the nuclei break up into eight dou- 

' ble chromosomes, which are reduced to eight simple chromosomes. These trav- 
el to the periphery and form the microgametés. The macroganetocytes develop 
into macrogametes, The gametes then cénjugate and form the o¥:inetes, which 
are of three forms, male female and indifferent. These break up into very mi- 
nute trypanosome-like bodies of the three forms which may divide by longitudi- 
nal fission. These are the forms which are inoculated into the owl by the 
bite of the mosquito. {See Castellani and Chalmers p. 303). 


PROTOZOA: MASTIGOPHORA: BINUCLEATA: TRYPANOSOMIDAE: 


A Trypanosoma sp. was recevered by Durham from Aedes argerteus (Steg~ 
omyia fasciata) which had fed on bats (Phyllostomus sp.), and another Trypano- 
goma was recovered from a Culex by Mathis . 


Trypanosoma brucei Plimmer and Bradford (1899), the cause of NAGANA an. 
JINJA, African animal diseases,is normally transmitted by speéies of Glossina, 
but Martin, Leboeuf and Roubaud (1908) successfully transmitted the disease form 
aniififettédtto healthy cat by species of Mansonia. 


Trypanosoma evansi ( Steel 1885), the cause of SURRA in aninals Ln nor. 
mally carried by biting,flies, especially the Tabanidae, put Mitzmain (19124) re- 
cords experiments with mosquitoes in which the parasite lived 42 hours in Aeces 
argenteus (cdlopus) and 30 hours in Culex quinquefasciatus (fatigans), and C. lv 
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Trypanosoma a Dutton (1902), the cause of GAMBIAN SLEEPING 
SICKNESS of man is normal ay carried by tsetse flies of the genus Giossina 
but Roubaud and Lafont (1914) gave experimental evidence that it cea be nena 
mitted by Aedes argenteus (Stegomy: omyia calopus), Heckenroth ard Planchard (1033) 
succeeded in in transmitting tne disease ty the bite of Manscnioides uniformis 
from guinea pig to guinea pig, when both were in the same cage, and also when 
not in contact, 24 hours after the mosquito had bitten the infected animal. 


Trypanosoma noctvae Schaudiun (1904) which may be confused with 
is 4. ! l IAE 
Haemoprotsus noewi.e Selli and San Felice, mentioned above, passes its schize 
* . ; j yantry” t ~ “4- - + 
ogany in the owl, Giausidium hottuae, and its sporogony in the mosquito, Culex 
pipiens. om 


Trypanosoma rhodesiense Stephens and Fantham (1910), the cause of 
RHODESIAN SLEEPING SICKEESS, is “normally carried by the tsetse flies of the 
genus Glossina, but Roubaud and La font (1914) have obtained experimental 
transmission TaN Aedes argenteus (Stegomyia CALODUS Je 


Trypanosoma ziemanni Schaudiun, another organiem badly confused with 
T. noctvae and Leucocytozoon danilewskyi is recorded from Culex pipiens fed on 
the owl, Glaucidium noctuac, ve 


PROTOZOA; MASTIGOPHORA; BINUCLEATA; LEPTOMONIDAK, 
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Crithidia fasciculata Leger (19 102), a parasite of Ano pne Lesimant ik 
pennis and Culex % quinguefesciatus (fatizans). Laveran and Francnini (1914) re- 
cord Leishmania from bodies, ~ possibly of this, in mice infected from Anopieles 
maculipennis. 
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Leishmania Brasiliensis Vianna (1911), the cause of ulce#s known as 
BOUUA or ORAL TEISHMANTASIS of man in Southern Brazi>. and Northern Paraguay is 
thought by Brumpt and Bedroso to be carried by Tabanidae or Culicidae. 


ie 


Leishmania donovani (Laveran and Mesnil 1903) is the cause of §NDIAN 
KALA AZAR: It has been proven that the bed bag canrearry it, but the normal 
carrier is unproven. Franchini (1911) fed Anopheles nea# Clartger on cultures 
of this organism and founc that the parasite persisted and develuped in the 
mosguitoes for at least 4@ hours. Patton (19 907) cbtained no resuits in experi- 
ments with Culex quinouefasciatus (fatigans), Stegomyia ingens and Anopheles 


gtephensi, Mackie @ (1915) al also failed in his experiments ‘¢ with Culed and Ano- 


wee oe. 


pheiese 


Leishmania tropica (Wright 1903) is the cause of ORIENTAL SORE of 
doa ge te 


man, which goes under various names, and it may reaizy be a somp.ex s 
In investigatingsBagdad sore Wenyon (1913a) fed Aedes argenteus (St 
fasciata) on sores, and demonstrated in the mosqu2ztoes the Fieicloane 
of the parasite up to 48 hours, but his transmission experiments fe 
later (1911b) succeeded in getting this mosquito to taxe up the parasites 
demonstrated developmental stages in the gut. No evidence of int 
be found in experiments wath Culex quinauefasciatus 5 (fatigans). 
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Leptomonas alseriense Sergent and Sergent (1906) is parasitic in 
Culex pipiens and Aedes argenteus (calopus). 


Leptomonas culiciss(Novy, Mac Ne nd Tovry 1907) is native to tne 
Curex pipiens and Culex ouinguefasciatus (fatipans). Fantham and Porter 
(1915,1916) experimentaily fatally infected birds, by feeding them on infect. 
ed insects, proving it experimentally patho C 

Chelidcn urbica. 


PROTOZOA; MASTIGOPHORA: BINUCLEATA: PLASMODIDAER, 


The Plasmodiums are the causative organisms of malaria, which are all 
carried by the bite of mosquitoes. The cycle of schigogony occurrs in man, 
and ofisryopogony in the mosquito. This life cycle is very clearly seé forthein 
many text book3 and shouid be studied carefully by all students. Briefly it 
takes place as follows; starting with the minute spynozoite inoculated in man 
by the mosquito. This syorozoite is an elongate sickle shaped body which Bores 
into a red blood cell, and there forms an amoeboid shaped body known as the tro- 
phozoite, which gives off pseudopodia that absorb novrishment from the cell, At 
first this trophozoite is of uniform mass, but soon a vasucle is formed which 
causes it to assume a ring form. The trophozoite grows, withdraws its pseudo- 
podia and becomds a schizonat. This divides into many merozoites, which burst 
the ceJ]l and escape into the blood stream. This completes the cycle of schiz- 
ogony which may begin again by the merozoite entering a red biood celi and be~ 
comang a trophosoite. On the other hand it may develop into a type of tropho- 
zoite whikh forms sexual bodies known as macrogametocytes and microgametocytess 
These are the bodies, which when taken up by a mosquito, develop in the mosqui- 
toess body through the cvcle of spprogony, In the stomach of the mosauito the 
microgametocytes divide into many tiny elongate microgametes. The macrogameé= 
tocytes change into macrogametes, and then conjugation of thgpametes takes 
place. The resulting zygote is spherical, but it soon eiongates into a small 
worm like body which is actively motile. It is then known as the oBkinete, In 
this stage it bores into the epithelium of the gut wall and becomes rounded 
and thinly encysted. When encysted it is known as the oocyst. In this form it 
grows considerably in size and divides into sporoblasts, which divide into spo- 
rozoites. These tiny forms migrate into the salivary glands and are inoculated 
into a man at the time of a blood feast. 


The species of human maiaria are Plasmodium vivax Grassi and Felotti 
(1892) causing the tertian disease, Plasmodium malariae “averan (18°1), causing 
the quattan disease, and Laverania falcirarvn (Welch 1897) ( also known as Lay- 
erania malariae Grassi and Feletti, 1890 or Plasmodium fascivarum), causing sub- 
tertian, maiignant tertian or aestivo-autumnal malaria. 


Many species of mosquitoes of. the group Anophelznae have been charged 
with carriage of malatia but in many cases the evidence does not snow what spe-= 
cies of organism is carried. The evidence is briéfly sumnarized below ( see al- 
so Hindle, pp. 96-i07). 


MALARIA OF UNKNOWN SPECIES; The following svecies of mosavitoes are 
recorded as carriers or thought to be carriers of some form of ialaria: These 
anopheles are arranged in various subgenera, which are however omitted from our 


discussion. 
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Be seg aitkeni James (fragilis Theobald) is suspected as a mala- 
ria carrier by Daniels and Christophers (Hindle aa ty 


A. Algetiensis neobald was found by Sergent and sergent in Algeria to 
be ahoarrier in nature, the spyrozoite stage being found. 


Ae apicimaculata Dyar and Knab has been suspected to be a carrier in 
Central America, but Dariing records negative results, 


A, arabiensis Patton was found in nature carrying sporozoites By Pat- 
ton in Aden Hinterland (Hindls). 


A. ardensis Theobald apprars to Castellani and Chalmers (pv. 665) : 
a probable carrier of malaria in Natal. 


A. boliviensis Theobald (lutzii Theobald) is suspected by Lutz to be 


at ee ee ee 


a carrier in Brazil on what Knab (1913 13) considers insefficbant grounds. 


A? braziliensis Ghagas is cited by Brumpt (1923)r. 748) as a possibile 
carrier of malaria in Brazil. 


A. coustani Laveran of madagascat is listed as a maiaria carrier bf 
Castellani and Ghaimers. & : 


A. culicifacies sergentii Theobald of Ajgeria is listed as a maiaria 


Se ee 


carrier by ~Casteliani and Chalmers. 


A, farauti Laveran is recorded as carrying malaria in the New Heb- 
rides (Brumpt, p. 741). 


A. Grabhamii, bere of the West Indies and South America is listed 
by Castellani “and Chalmefs {p. 665). asa re character. 


As jamegii Theobald is listed by Castellani and Chalmers as a carrier 
of malaria (ps. 665) 


A. jeyporensis James is a carrier of malaria in India (Brumpt p. 745). 


ie karwari James and Liston was suspected by Staunton as a carrier, 
but Christophers (1916) states that there is no evidence against it. 


; : : a + +1? rapt A 
A. maculives Theobald is cited by Brumpt as a possib.e carrier in 


Brazil. 
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A, martini Laveran is regarded on epideymiologival grounds by Laveran 
as a malaria carrier in Cambodia, (Castellani and Chalmers, p. 665). 


. A. mauritianus Grandpre (ZiemanniCrtnberg) is regarded by Ross as a 
doubtful carrier, not actively transmittdéaAg in Mauritius, its ‘synonym Zienanni 
is recorded by Castellani and Chalmers as a carrier in Afraca, 


A. mauritianus paludis Theobald is recorded das a carrier in West Af- 
rica by Castellani and Ghaimers. 


A; minimus Theobald (febrifer) is according to Walker and Barber (1914' 
the most important mosquito concerned in the epidemology of malaria in the Phil- 
ippines, being susceptible to infection and having a high avidity for bloed. 


A, minimus christophersi Theobald is accorded by Castellani and Chal- 
mers as a carrier in India 


A. nimba Theobald of Brazil as listed by Castellani and Chalmers as 
a carrier, 


A. pitchfordi Tower of Aftica is recorded as a probable carrier by 
Castellani and Chalmers. 


A. punctulata Dbnitz is listed as a carrier in New Guinea by Castel- 
lani and Chalmers, : 


A. pursati Laveran is considered by Laveran on epidemological evidence 
a carrier in Cambodia. 


A. rhodesiensis d'thali Patton at Aden is cited as a possible carrier 
by Patton {Hindle). 


A. sinsnsis pseudopictus Grassi is recorded by Castellani and Chal- 
mers as a carrier in Italy. : 


A. turkhudi®chaudoyei Theobald of Algeria is recorded by Castellani 
and Chalmers as a carrier. 


A. taurkhudi myzomyifacies Theobald was taken in nature carrying spor- 


ozoites of Plasmodium in Algeria by Sergent and Sergent (Hindle). 


A, vincenti Laveran is recorded by Laveran as a carrier in Tonkin 
(Castellani and Chalmers). 


A, willmori yames of Tonkin, was taken by Mrs. Adie in nature varrying 
sporozoites of Plasmodium (Hindle), 


Of above list we may consider therefore as proven malaria carriers 


Algeriensis, arabiensis, minimus, turkhudi myzomyifacies, and willmori. In 
the ether cases the evidence is not sufficient. 


SUBTERTIAN MALARIA: Caused by Laverania falciparum Welch 1897 (laver- 
ania malariae Grassi and Feletti 1890) This fever si also called tertian argti- 
vo-autumnal and malignant tertian malaria. Records of transmission have been 
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made for the following mosquitoes. 


ul 
nopheles albimans Wi Q bij 1s Obs i I 
i, ee os eeponese Viedemann (Albi pes Theobald is the commonest car. 
rier in Central and Tropical South=2America. Seventy per cent of those fed by 
Darling (1910) became infected, He traced development to the soorozoite stuge. 
A. annulipes Walker, a common Australian species has been shown by 
Kinoshita to carry this organism. ‘ 


A, argyrotarsis Desviodyi is regardéd as an undoubted carrier by Knad 
(1913) and Ludlow(1914) in the West ees and South America. Although Darling 
found zygotes in nature, Hindle quietions the species of roganism. 


Ae barbirostria Van der Wglp of India, Malaysia and China was record. 
ed as carrier by Stephens and Christophers (Hindle). 


4,csostalis Loew was shown by Ross, Annetl and Austén (1900) to carry 
this organism in Tropical africa. 


. A. crusians Wiedemann was definitely proven a carrier in Louisiana by 
King (1916) who found oocysts and sporozoites in his experimentally fed mosqui- 
toes. He found 75 persent of his mosquitoes infected, 


A. culicifacies Giles was shown by Stephens and Christophers to be the 
commonest Indian carrier, 


A. A. formosacus! II Tsuzuki was found to be a carrier in Formosa by 
Tsuzuki (1902) 4 who aiaced the presence of sporozoites. 


A. fuliginosus Giles was shown to ove the carrier in India by Stephens 
and Christophers who demonstrated zygotes in the mosquito, 


A. funestus Giles is an active and important malaria carrier in Trop- 
ical Afraic, its connection with this organism being demovs ti rated by Daniela. 


Awomaculatus Theobald is a common carrier in India and the Malay 
States, its relation to this organism being shown by Staunton. 


maculipalpis indiensis Theobald a common carrier in North West Ter- 


1 ee TRE 
mI 1 


ai, ee was proven a ¢carrierhby Stephens and Christophers who cemonstrated 





_ 2ygotes. 


A. maculipennis Meigen is the common malaria carrier in Europe, pro- 
ven by many authors since Grassi. 


A. minimus aconitus D§nitz and its synonyms albirostris Theobald, coha 


esus D¥nitz and formosnensis I Tsuzuki has been shown to be a carrier of malarzsa 


in Malaysia and India. Staunton proved the carriage of this organism by albiros 


tris and Tsuzuki by formosaensis I. 


A. pseudovunctipennis Theobald (franciscanis McCracken) was proven a 
carrier in Panama by Darling (1910) who found ind zygotes in his experimentai ‘noe. 
quitoes.e 


A, punctip@nnis Say was first proven a carrier of this organism in 
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Louisians by King (1916) who found 20 percent of his experimental moyquitoes 
infected, and later mitzmain (1917) corroborated this by finding 27 percent of 
his Seterinantal mosquitoes infected, 


A. guadrimaculatus Say was first proven a carrier of this organism 
in the United States by Thayer (1900), and later corroborated by Woldert in 
1901, and Hirshberg 1904, and finally by King (1916) who found 23 percent of 
his Penittoes fed ona captain case infected. 


A. rossii Giles was shown by Stephens and Christophers to be a car- 
rier in India, bi but not commonly. 


A. sinensis Wiedemann of Southeastern Asia was recorded as a carrier 
by Christophers (1916), 


A. tarsimaculatus Goeldi was found by Darling (1910) in Panama to be 


eo 


infected in 100 percent of his experiments with thias- organism, 


A. theobaldi Giles was shown to be a carrier in India by Stephens 
and Christophers who demonstrated zygotes in the experimental mosquitoes. 


A. trukhudi Liston was shown to be a carrier in India by Stephens and 
Christéphers who’ demonstrated zygotes in the experimental mosquitoes. 


A. umbrosus Theobald was shown 4s be a carrier in the Malay States 
by Staunton, who demonstrated zygotes in the experimental mosquitoes. 


For American students of .aestivo-autumnal or Subtertian malaria the 
following species are aE ia of importance - -- eA EY ces Ses) cru- 
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For those of our troops who go abruad the other Species listed above are of 
greater importance. 


QUARTAN MALARIA: This type of malaria is caused by Piasmodium tialar- 
jae Laveran (1881). The following species of mosquitoes have been proven to be 
carriers: 


Anopheles algeriensis Theobald was proven by Sergent and Sergent (1905) 
to be a carrier in Algeria. 


A, costalis Loew was shown by Ross, Annett and Austen (1900) to be a 
carrier in Afrié€a. 


A. culicifacies Giles is the commonest Indian carrier and its relation: 
ship to this organism was proven by Stephens and Christophers. 


A, fuligmosus Giles is not an active carrier in India but Stephens and 
Christophers demonstrated fhe zygotes of this organism, 


A. funesta Giles is an active and important carrier in Africa, its 
role being proven by Ross, Annett and Austen (1900). 


A, maculipennis Meigen is the common European carrier, 
eke eer 


A. myzomyifacies Theobald in a carrier in Algeria according to Sergent 
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and Sergent(1906), 


A. Quadrimaaulatus Say was proven a carrier in the United States by > 
Beyer, Pothier, @ouret and Lemann (1902) 


A._rossii Giles was proven capable of transmitting this organism in 
= —_ Le SS 4 S S : 
India by Stephens and Ghristophers, 


A. Sinensis Wiedemann wag shown to be a carrier in China and Southeast- 
ern Asia by Tsuzuki. 


’ A. stephensi Liston is claimed to be a carrier in india by Ghristophers. 
1916). 


A. theobaldi Giles was proven a carrier in India by Stephens and Chris. 
tophers, who demonstrates zygotes in experimental mosquitoes, 


thus it will be seen that only one species of mosquito is America, 
quadrimaculatus, has been demonstrated to be a carrier of quartan malaria, 


TERTIAN MALARIA: Tertian malaria is caused by Plasmodium vivax Grassi 
and Feletti (1892). It has been shown to beecarried ?n various parts of the 
world by the following mosquitoes, 


Anopheles\albimanus Wiedemann was hound to be a common carrier-in Pans 
ama by Darling (1910), who demonstrated zygotes and sporozoites. 


A. _barbirostris Vander Wulp is recorded by Christophers (1916) as a 
Carricr in India. 


- 


A. bifurcatus Linnaeus is recor@déd as a carrier in Europe by Grassi. 
A. costalis Loew was shown by Ross, Arnett and Austen to be a carrier 
in Africa. 


.' 
A. crucians Wiedemann was proven by Mitzmain (1914) to be capable of 
carrying this organism in Louisiana. Sporozoites were obtained. 


A. culicifacies Giles is recorded as the commonest carrier in India 


by Stephens and Christopners. 


A, fulaginosus Giles is recorded as a carrier in India by Christophers 
Oo aan 


- ~ ewe eo vVuUVUY 


A. funesta Giles is the most active and important common carrier in 
Africa according to Ross, Annett and Austen. 


sue 


A A. intermedium Chagas is a carrier in Brazil according to Cryz, 


A. jesoensis Tsuzuki is recorded as a carrier by Christophers (1914). 


A, listoni Liston is an active and important carrier in certain teral 
tracts in India, recorded by Kinoshita. 
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A. maculatus Theobald is recorded as a carrier in India by Christos 
phers (1914). - 


A. maculipalpis Giles is recorded ag a carrier in Asia by Cl 
A C " € 2 92a Wy Dew 
hers (1914) Sars 
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A. maoklipennis Meigen is a cammon carrier in Europe. 
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A.mediopunctatus Theobald is a carrier in Brazil according to Cruz 
(1910). E 
( Ae minimus Theobald is recorded as a carrier in India by Christophers 
1916). 


~ Oe ee 


A. pharoensis Theobald is recorded as a carrier in Egypt by Newatead, 


Dutton and Todd (1907). 


A. pseudomaculipes Ghagas is recorded as a carrier in Brazil by Cruz 
(1910). 
~ ww ye YY wyYye IVS 

A. punctipennis Say was first proven a carrier in the United States 
by King 11914). Spornzoites were found. JLater Mitzmain (1914) corroborated 
this recordd 
: 
. 





~ nal Na A ANS et ae i I Ne 


A. quadrimaculatus Say was first proven a darrier in the United States 
by Thayer (1900), this was subsequently proven by other authors, including King 
(1914). 


Y nd 


A. rossii Giles is recorded as a carrier in India by Ghristophers 
(191s). 


A. sinensis Wiedemann is recorded as a carrier by Kinoshita in China. 
ide 


DID DSS I 


A, stephensi Liston is recorded as a carrier in India by Loston and 
by Bentley. 


A. superpictus Grassi is recorded as a carrier in Europe by Grassi 
and by Bignann and Bastianelli 


A, theobaldi Giles is recorded as a carrier in India by Ghristiphers’ 
(1915). ae 


i w~wryrvyrYywew 


A, turkhudi L&ston is recorded as a carrier in India by Christophers 





(1914). 


~ vwIwyw~ - eo vw ewveyvryre vw 


A. turkhudi hispaniola Theobald is a common carrier in Algeria and 
Southern Spain according to Sergent and Sergent. 


“ww 


eed 


vvy  --~~-Dhug-we find-tértian malaria~in America tarriéd by albimantis, ~¢ruci- 
£ng’~tntermediin, mediopunctatus, pseudomacuipes punctipennis, and [ quadrimac- 
ni 


? 
ulatus, three of which species occurs in the United States. 


AVEAN:MALARIA: Several forms of avian malaria. are knowns 


Cit IWuvuww we ee 


Plasmodium danilewskyi Grassi and Feletti~(18Q0)-a-malaria “of” spar 
rtridges, finchés and crows 18 ~éadrriéd by Culéx- Guinquefasciatus {fate 


~~ «¥FOWS;, pa FES 
q isadia} C. piiianas C. nemorosus and Aedes argenteus (ca lopus) according to 
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Plasmodium relictum a malaria of the canary was proven by Sergent 
and Sergent (1918) to be carried by Culex pinviens, 
PROTOZOA: MASTIGOPHORA: SPTROCHAETACHA: SPEBOCHARTIDAE, 


Spiroschaudinnia culicis Jaffe (1997) was found by Jaffe in the gut 
and malpighian tubules of Culex pipiens and anopheles maculipennis. 


METAZOA; PLATYHELMIA: TREMATODA: FASCIOLIDAE, 


A Clinostomum is recorded by Soparkar (1918) which msseg its first 


‘stage ina snail, Planorbis exustus, and is found as a cercaria in the larvae 


and adults of Culex quingquefascithus (fatigans) and Anopheles rossi. Fish 
swallowing the mosquito larvae take up the worm vhich continues its develop- 
ment toward maturity. The final host isynot kfiown. 


METAZOA; NEMATHELMINTHES; NEMATODA; FILARIIDAR, 





Dirofilaria immitis (Leidy 1854), cause of CANINE FILARIASIS has been 
proven by Noe, Dye, (1908) Grassiy and Fiilleborn (1912) to pass its intermedi- 








calopus). The microfilaria or embryo worms are taken up by the mosquito with <: 
the blood of the dog. They soon pass from the stomach into the malpighian tu- 
bules. In t&n days their development is complete and they migrate towards the 
head and into the proboscis, When an infected mosquito containing filariae in 
its proboscis feeds on a dog, the worms escape by boring through a delicate meni= 
brane, which unites the labellae, and thus they get on the surface of the skin. 
if this is sufficiently moist they penetrate the epidermis and mayybe found in 
the subcutaneous tissues, whence they work toward the heart and great vessels of 
the dog and there develop into adults. 


Ditofilaria repans Railliet and Henry (1911) cause of SUBCUTANEOUS 
CANINE FILARIASIS passes its intermediate stages in the mosquito Aedes argen- 
teus, its development having been demonstrated by Bernard and Bauche (1913). 


Its life history is quite similar to that of D. immitis. 


Filaria bancrofti Cobbold (1877), the cause of HUMAN FILARIASIS or 


ELEPHANTIASIS, passes its intermediate stages in the mosquitoes, Complete de- 


velopment has been demonstrated in Anopheles rossi in India by James; A.« cos- 


talis is West Africa by Annett, Dutton and Elliot; Culex pipiens in miei 
Manson; C. quinquefasciatus (fatigans, ciliaris, nigrithorax) in China by Man- 





pipiens) and also by Law, in the Philippines by Ashbur See) and vias 
dia by Cruikshank and Wright ; Aedes pseudoscutellaris in F1ji; Mansonioides 


africanus by Daniels in Nyasaland; M. uniformis; Aedes argenteus (Stegomyia 
calopus, A, fasciata, Culex taeniatus 








in Nigeria by Daniels, and in the West 
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Indies by Law; and Culex skusei in Australia by Bancroft, 


Complete development has not been démonstrated ag forms have not been 
actually seen in the proboscis, although advanced stages have been recorded in 
Anopheles sinensis (minutus, pseudopictus, peditaeniatus, nigerrimus) and bar- 
birostris in Malaysia by Leicester; A, argyrotarsis in West Indies by Law; fh. 
albimanus (albipes) in West Indies by Vincent; Mansonia annulipes (musivus) in 
Malaysia by Leicester,and in Australia by Bancroft; M. pseudotitillons; Culex 


~microannulatus; C. gelidus and C. sitiens, A. perplexa, A, scutellaris, Scuto- 
myia albolineata and Taeniorhynchus domést i “a 








icus in Malaysia by Leicester. 


The embryo microfilaria enter the mosquitoe's stomach with the blood. 


_ They rupture the sheaths which contain them pierce the walls of the stomach and 


find their way to the muscles of the thorax, where they develop. They finally 
work into the proboscis and escape during the act of feeding through Dutton's 


membrane as worked out by Lebredo (1905). They enter the skin through the bites 
or through porgs. 


Filaria demarquayi Manson (1897), another cause of HUMAN FILARIASIS 
was found by Fitlleborn to pass its immature stages in the thoracic miscles of 





_ Aedes argenteus, (calopus). Mense also records Culex quinquefasciatus and An- 


opheles albimanus as hosts. 


\ 


A R 
METRZOA: NEMATHELMINTHES ; NEMATODA : MEMITHIDAR¢ 


Agamomermis culicis Stiles (1903) is recorded from Culex sollicitans 
in the United States. 





From a purely Americam standpoint we must guard against mosquitoes as 
carriers of malaria, yellow fever, dengue, and filariasis, but troops operating 
in Mediterranean continues would also have to consider possible transmission of 
tropical sores amd Kala Azar. In South America other forms of sores; in Africa 
sleeping sicknesses may be carried by mosqutioes. 


The burden of all this evidence is that mosquitoes should not be per- 
mitted to bweed near human habitations, and especially near Army establishments. 
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CORRECTION TO REPORT ON CAMP DIX, 
Captain C.L. Siebert is in charge of the Sanitary work at Camp Dix. 
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OF DISEASE, HYGIENE AND SANITATION, 
Lecture 14, CONTROL OF FLIES IN BARN YARDS, PIG PENS AND 
September vy, 19158. CHICKEN YARDS, 


By 


FiC. Bishopp» 


The question of the control of flies in their various breeding media or 
places of breeding can not be well divided in the discussion. Attention has 
been given in a previous lecture to the general aspects of house fly control 
and the mogdt favorable breeding metia and methods of handling them have been dis- 
cussed in a general way. Therefore I shall take up the special problems under 
the three situations listed in the title. Adequate care of the manure and other 
refuse in these situations will not only result in the prevention of breeding 
of house flies in them but will also reduce the number of certain other flies 
‘Which play a part in disease dissemination among man and animals, notably the 
horn fly, stable fly, Nuscina spp., Fannia spp., certain Sarcophagids andles- 
ser numbers of Muscidae known as blow flies which occasionally breediin hog 
Manure and freely in unconsumed animal matter in garbage. 


Repression of flies in barn Yard: The discussion of this problem is 
bound up Closely with that of the control $f the house fly through the care of 
horse manure, etc. tf manure is promptly G@isposed of as removed.ffom the bat 
the yards are kept in better condition 4nd the scattered droppings either of 
horses or cattle are less dangerous as regards fly breeding. In drier regions 
of the country these droppings may be practically neglected, Where large 
numbers of horses are kept in sheds or yards the entire area requires treat- 
ment, The manure should be scrapeduup at least as frequently as three-day 


intervals and scattered thinly on fields or composted and treated with borax 
or other larvicide, 


; In large stock concentrating points where stock yards and mule sales 
_ stables are of great extent the problem of disposing of the manure from the 
yards is a difficult one, In the Eastern States it has been the usual practice 
_ to contract the manure to urertain companies or to permit farmers and truckers to 
_ enter the yards and get manure when they desire it. One difficulty has been 
that stock are often kept in a single pen for feeding for some time and during 
_ this time it has not been the rule to clean up the pen, The provision of ample 
_ Toom so that stock may be removed from one pen to another to permit cleaning is 
important. This also applies to horse and mule sales stables. The restrictions 
placed upon the horse and mule dealers who expect to haridle stock for the Army 
have tended to greatly improve fly breeding conditions in these stables and 
yards. I ahve frequently observed these sales stables to be filled with tightly 
packed manure from eighteen inches to three feet deep, In the case of an 
| East St. Louis mule sales stable where one company has thirty-five acres under 
over the removal of all of this manure was an enormous task. Yet it was ace 
omplished so that the company might continue handling stock for government use. 
The manure was hauled several miles to a fertilizer plant where the well decayed 
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part was piled and subsequently dried, ground and sold as sheep manure for lawn 
dressings, while the parts with considerable straw were thrown from cars 

onto réil incinerators and burned, the ash being used in fertilizer mixtures. 
The entire parns and fences were then gone over with a machine which cleaned 
them of all acocumuiation of dust and saliva which had in some cases become 
Quite thick and highly glazed, An effort is being made by the authorities in 
charge to have the manure from these stables throughout the country moved at 
weekly intervals, 


It appears that where shavings are used for bedding less trouble arises 
from fly breeding than whore straw is utilized. This would undoubtedly favor re- 
duction in the breeding of Stomoxys also. 


Returning to the question of handling manure in cow lots and small barn 
lots, it is advisable when lebor is at hand, especially in dairy yards, to pick 
up the droppinys daily or even twice a day. This is greatly facilitated by 
having the yard where cattle congregate in greatest numbers concreted, 

In large dsiry lots it has been found feasible to bring the manure together by 
means of an iron road drag. This leaves the manure in windrows so it can be 
Sasily shoveled into a wagons 


For the disposal of manure from dairies and even on the farm no method is 
better than the use of a manure spreader and the scattering of the material 
directly onto the ground, Of course in cases where all dand is cropped it is 
not convenient to employ this method during certain parts of the year although 


it is usually possible to have one pro\tion of the farm available for manuring 
at all times. 


The use of manure pits and boxes has been mentioned in a previous lec- 
ture, as has also the Hutchison maggot trap. It appears to the writer that any 
attempt to construct pits or boxes which are so tight as to prevent the escape 
of newly emerged flies is likely to meet with failure. In practically all in- 
stances the manure is infested more or less when placed in the box or pit and 
following this suggestion the author has been advocating the placing of the ma- 
nure in boxes or pits which will not allow flies to gain entrance from the out- 
side and which are provided with a cone or tent trap to capture the flies which 
breed out. In the absence of the trap feature these would almost surely escape 
to the light from the most tightly constructed box or pit which it is feasible 
to build and maintain. A manure hox of this type has been tried by the Dallas 
laboratory and found to work admirably. The number of flies caught is often sur- 
priasingly lerge, 

Kor emell pastures and meadows it is sometimes feasible to utilize a 
brush drag to break up the cow droppings, This serves three purposes = prevent- 
ing the breeding of the horn fly, scattering the manure evenly over the ground, 
and permitting the grass to grow where it would otherwise be prevented by the 
pile Ss 

Whi 
has reared 
manure is mixed 
dium s 
in cow dropping 
are nit known t 


house fly does not breed readily in pure cow manure the writer 
secios from this substance and has also found that where cow 

@ with a certain amount of straw it is a fairly good breeding me- 
necies, The horn fly, Haematobia irritans, breeds exclusively 
either in large piles or individual droppings. Blow flies. 
breed in cow manure but a number of species of Sarcophagids, 
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. Most of which, however, do not have scavenger habits, breed in ¢drisiderable num. 


bers. The brilliant green fly, Pseudopyrellia cornicina, is very commonly seen 
on fresh cow droppings; in fact this is usually the most abundant species in thi: 
Situation in the country. It may be readily mistaken for Lucilia when not ex. 
amined carefully. This species ig of no importance as a disease carrior aa it 
doesn't enter houses or visit food. 


In preventing flies breeding in yards it is very essential that water 
troughs be kept running over and whenever overflows or leaks do occur they shoul 
be fixed promptly and the moistened manure and earth e¢leaned up and hauled away 
immediately. Special attention should be given also to accumulations of horse 
manure in yards along feeding racks, Here the mixture of horse manure, waste 
hay and urine forms a satisfactory mixture for fly production, 


The use of larvicides and ofher chemical compounds in barn yards is us- 
ually inadtisable. Through cleaning ordinarily will handle the situation. Crude 
oil has been used in yards where considerable numbers of horses are kept to per- 
mit firm packing of the ground and keep down dust in dry weather. Borax, either 
dry or in solution may be used in breeding places which can not be cleaned thor- 
oughly. Poultry and hogs consume large numbers of larvae and pupae and scatter 
the manure so it will dry ott rapidly, The agencies should not be depended upon, 
however, to effect control, 


The employment of conical fly traps about stables and dairy barns will 
aid in reducing the number of house flies if they are kept properly baited, 
Sour milk or milk curd, brown sugar and water in equal parts form good baits. 
The latter if kept moist will remain attractive for two or three weeks. It is 
comparatively unattractive the first few days. Hodge type window traps aid in 
redicing the house fly and stable fly troubles within barns if the barns are 
Closely built and the other windows darkened or sereewied 


Fly control in pig lots and pens; The hog has been looked upon from 


time immemorial as a filthy animal and he is usually compelled to live in sur- 
roundings which would never be tolefated for any other beast. 


One of the special problems which confronts the Army sanitarian is the 
utilization on a large scale of the camp garbage by hog feeders, There appears 
to be no more economical way of disposing of garbage than by this method, but 
the conditions under which the feeding is to be done must be given strict atten- 
tion by sanitarians. In the vicinity of nearly every large army camp is located 
one or more of these garbage feeding plants, the number of hogs ranging from a 
few hundred to several thousand. For the most part the garbage is sold to 
feeders under annual contract, It is sorted to some extent by the army kitchens. 
It is supposed to be free from glass, cans, coffee grounds, and. liquids, The 
contractors furnish the garbage cans, remove the gafbage daily and return empty 
cans which are supposed to be thoroughly cleandd. If the orange, grape fruit, 
and lemon peels could be eliminated from the garbage the mags of material not 
eaten by the hogs would be materially reduced. The writer is wondering if some 
use could not be made of these citrus peels for food, oils or otherwise. 


Garbage feeding plants should be operated under approximately the fol- 
iowing set of rules 


1: Location of feeding stations; Station should be located as far from 


habitations as possible and also well removed - two miles or more - 
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from army camps. Offcourse in this connection consideration should be giv- 
én to the public in general as well as the army camps. Our recent experi. 
ments show that flies of various species, including the house fly, travel 


five miive miles or more under rural conditions, but that there is rapid decline 


4 


Ds 


in the number of flies which reach points two miles or more from the source 
of production. It is desirable that it be located a considerable distance 
ffomrmain highways as passing vehicles help to disseminate the flies. 
Drainage: Adequate drainage is essential, It ig preferable to have hog 
feeding stations located on hilly ground and never on flat areas, 


Adequate room: In feeding garbage it is essential in order to maintain 
sanitary conditions that the hogs be given a considerable acreage. vy es 
Would place this at a minimum of 225 sq. ft. per hog, or approximately 

190 hogs to the acre, Of course aga general principle in fattening hogs 
it is considered necessary to reduce activity by close penning, 

It has been proven, however, that hogs make satisfactory gain when heavily 
fed if kept in large pastures, 


Feeding troughs and platforths: Concrete feeding troughs and platforms 
are essential under the present inadequate labor conditions. A number 

of forms of troughs and platforms may prove satisfactory from a sanitary 
standpoint, In soe cases feeding floors are used without any troughs, 
but this necessitates daily cleaning. Under outdoor conditions such 

as exist in the South, it is advisable to locate the feeding troughs on 
land with pronounced slope, A simple form of construction consists of 

& concrete platform about 15 feet wide, length in proportion to number 

of hogs. This should have a backward slope of about 10 inches, The 
trough cah be formed by setting a plank on edge in the concrete about 
three feet from the upper side and parallel with it or by a concrete 
ridge several inches high to form the lower edge of the trough. The 
‘upper edge should be raised so as to prevent water from washing into 

the trough and the feed racks to receive the garbage constructed over 

the front edge of the trough ig such a way as to receive all drip, The 
lower side should be povided with a concrete ridge projecting about five 
inches. This edge along the back will hold most of the unconsumed garb- 
age, bones etc., and facilitates thorough cleaning which should. be done 
not to exceed three-day entervals. 


Shade; If location with plenty of trees can be chosén this is preferable. 
to sheds for protengion from the sun. Where sheds are needed for protestion 


either from sun or rain they should be built on well drained land and never 
placed over the feeding troughs, They should be seven feet above the ground 
so as to permit of easy cleaning. Temporary shade can be constructed ex- 
tending a few feet over the troughs if desired: 


Contracts; Annual contracts with the Army are far more desirable than 
monthly contracts as it enables the contractor to put up proper feeding 
facilities which he would not do under short contracts. 


Cleaning of yards; In addition to the cleaning of the unconseumed garbage 
fiom feeding wlatform the manure should be scraped up and disposed of, 
especially during rainy weather. During hot dry weather Where ample past- 


urage is used manure is the source of very little fly trouble. 
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Disnosal of bones; Bones which are not retained on the feeding platform 
and thse which are mixéddwith unsaten garbage should be collected at 
four-day intervals and placed in fly-proof bone racks. These can be 
buiit of lumber and screened on the outsiée and provided whith flvproof 

cover, It is desirabie that the bones be removed entirely from the prem- 
ises at frequent intervals. 


Avoidance of transporting flies on vehicles. If garbage cans are properly 
cleaned there is less tendency for flies to follow them than if left dirty. 


Washing in a weak creosote solution tends to repel flies from them. The 
trucks should be washed off occasionally. There is less danger of flies 
following trucks back to army camps when they are provided with covers, 


Quantity fed: Feeding so much garbage to hogs that it will not be cleaned 
up should be discouraged, 


Final disposal of hog manure and unconsumed garbage; This material may be 
scattered thinly over cultivated ground and exposed to the sun or promptly 


piowed under. Where material is found to be heavily infested with maggots 
it is advisable to dump it in piles some distance from the feeding plant and 
treat it with borax solution. About one pound of borax should be used to 
each 8 bushels. If the mass is very wet the borax may be applied dry, but 
if the material will absorb liquid the borax should be dissolved in water 

at the rate of one pound to five gallons and sprinkled over its 


Dead hogsi Dead hogs should be promptly disposed of either by burning on 
the ground or by hauling to rehdering platits. 


Treatment of hog pens where flies are breeding: All manure shotild be scraps 
ed up thoroughly, holes cleandd out and the ground sprinkled with berax so- 


lution made as above. The holes should then be filled and packed; crude oil 
will assist in this. Lime has little value in destroying fly maggots but 
will tend to dry up moist areas and reduce odor. Ringing the hogs noses 
reduces the number of holes formed and is said to help keep them quiet in 
fattening, 


14. Fly traps; Each hog feeding establishment should be provided with a number 


of well constructed fly traps, preferably of the conical type, and kept 
well baited. Black strap molasses and water at the rate of 1 part molasses 
to 3 parts water may be used as bait, or 1 part dark brown sugar to 1 part 
vinegar and 3 parts water may be used. The traps should be set in situa- 
téans where flies tend to congregate and away from danger of being distur- 
bed, 


Hogs should not be tolerated in towns or cities. On farms the same general 
rules for elimination of fly troubles should be followed as applied to garbage 
feeding stations. . For brood sows good dry clean housing is essential from both 
the fly control standpoint and that of successful breeding, 


Prevention of fly breeding in chicken houses and yards; Comparatively lite 


tle attention has been given to control of flies in poultry houses and yards. This 
source of f1f¥ breeding is one which should not be ignored as it is present even in 
far more premises than manure piies from horses and cattle. Several species of 
flies breed in chickentmanure, but house flies and stable flies seem to predominate. 
The author has found many cases in the South in which these two species seem to be 
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assing the winter in chickes manure. This appears to be a favorable place for 
me larvee to pase the wister as little heat is geaerates to kaston transformation 
Sieesuit2cient protection is affcrded to prevent the destruction of the inmature 


teges by ccld. 






th smail flocks cf poultry in the baci < yard the prevention of fly breeding 
afficslt but is very Jikeiy to be negaected. We have found thet flies will 
Father emeaii accumuiations of chicuen manure on cropping mei hut are 
on greater nunbers if the Seaemreitas are on the goii itseif. The weekly 
Of all excrement froin tre dropping boards and flodr is lan to pre< 
temalaa Usually it requires more than a few days groLr.ngs toa produce 
E evoravie breeding situation. Tre cleaning of houses is of course facili- 
Bios s — the drovpingghonrds reacily removable or the roosts hanged so as to 
ave free access to the boerds, In the South dropping bodrds are it being advo= 


y} 
ces are provaded with them. In such houses a concrete floor 
ds very desirabie to make cleaning easy, but seldom found. Sprinkting the dropping 
moerds or fioors with airsisx : end helps to take %p the moisture from 
ame manure and reduce tie uttrasvion for f. 


Bated and very few pla 
is 


In small places where gardens are available ees manure san be used to ad- 
vantage es fertilizer. Where it cannot be disposed of in this way promptly it shouse 
be pleced in a box under cover from rain and treated with borax as previously rec- 
commended. 


’ The care of yards and houses on large poultry farms should be handled in prac- 
tically the same way as the smal™ wne just discussed. Fuere is usually less trou- 
ble, however, from these lergs plants as they receive constant attention then the 
small ones. Pigsonties aro aiso a source of some fly breeding as the pigeon coops 
Usually are placed in an inacusssibie place and become veny filthy. The nouses 


should be made readily acesesible and cleaned occasionalif. Pigeous should be kept 


_ 7 


under control, and porceivin dishes provided for nests will facilitate cleaning. 


and thorouch cleaning up of the manure from ail domestic animals 


Ww 


The freauens 
and fowle tent to reduce the troubiss among them from intestinal parasites. Spray- 
ing with standard disinfesting solutions has the effect of reducing tne at ttract , 
iveness for fies of exaroment, soiled floors, etc., in addition to the germiciaa 


G5 9 
action. Gleanliness and spraying aiso increase the efficiency of fly traps. 
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CONTROL OF INSECTS LIKELY TO AFFECT THE HEALTH OF 
MAN AND ANIMALS IN CANTONMENT; AREAS AS PRACTICED AT 
FORT WORTH, TEXAS, 
By 
E,W. Laake, 0, G, Babcock, H,P, Wood, and F,C, Bishopp, 


August 15 and 16 were spent in looking over the work of the Public Health 


Service under the direction of Capt. J.%. Townsend in the zone around the can 


tonment at Camp Bowie and the flying fields at Hicks and in the city of Ft. Worth 
itself. . 


Mosquito Control Work: Anti-mosquito work was first investigated. This 


work is in charge of sanitary engineers H. L. Crohurst and W.A, Hardenbergh. 
The main problems consisted in the drainage of flat areas fed by springs and the 


bath water from Gamp Bowie which up to the preseht time had been discharged from 


the Camp through open ditches, in the handling of ponds formed in abandoned gravel 
Pits, and work on the two branches of the Trinity River which meet hear Ft, Worth, 


Drainage of the low areas was accomplished by simple surface ditthing. <A total 


Sof about 200,000 feet of drain ditches has been dug in the course bf the work, 

This effectively disposed of the Camp Bowie water but left some water produced by 
springs which ig kept constantly oiled. Camp Bowie is now being dewered throughout, 
It was found impractical to drain some of the gravel pits and the oiling method 

is followed up on these, Some cases the drainage was practically effected by digging 
wells to the hard pan and loosening this with ¢harges of dynamite. The river was 
handled mainly by clearing the banks and ditching small pools, which were very few, 
into the main stream. This Clearing was carried out up to two feet above léw wa- 
ter mark and over twenty miles of bank were thus treated. <A pond formerly used as 
& pleasure resort and known as Lake Como is located southwest of Camp Bowie. There 
is considerable seepage through the dam which impcunds this water, making the lower 
side very favorable for the growth of vegetation and breeding of mosquitoes. This 
has been carefully ditched and the cow tracks and other small holes are oiled at 
weekly entervals. The lake itself has rather clean banks but in certain places 
would favor mosquito breeding. Objeétionshas been raised to the oiling of this 
water but it has been given some oilings nevertheless, For oiling, a mixture of 

70% fuel oil and 30% kerosene was used. This is applied by means of a knapsack 
Sprayer to the surface of the water and edges of the pools. Application is made 
once each week to all possible breeding places and more frequently on certain ones 
which were most apt to give trouble. Minnows were observed to exist in the drain~ 
age ditches from springs and seeps and did not seem to be affected by the oiling 
applications. Of course this would not be true in comparatively still water. Up 

to the time of our visit comparatively little attention had been given to the breed- 
ing of mosquitoes in cisterns, barrels, etc., and inquiry among campers and other 


people in the edge of town not effectively protented by screens showed that the mos- 


Gagtoes are annoying at night. Thesé@ are probably mostly Culex, Some specimens ta- 
ken in ovtbuildings daring the day all proved to belong to ‘by group. The enti -mos~ 
quito work has been favored during the present summer by the extreme drought which 
has reduced the water to a minimum and dried up practically all the smaller pools. 
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of the work relaving to fiy control which has been carried on under Kis cirections 
We wers surprised to find livery stables in town which had been fermeriv sonrces 
of flies in countless numbers to ba practically free from manure and fl‘cs cue 
paratively scarce, Special attention had been given to the protenuticon ot %cals 
The ordinance on sanitation which has been passed by the city comiisuious eu 
the Public Health Service began work is rigid¥y enforced in regard to tne screen= 
ing of dispensaries of soft drinké, fruit stands, restaurants, eto. 


“fli 
| Fly Control Work; Dr. Thomas Parran took us over a considerable emount 


Sanitary Brivies: One of the most remarkable accomplishments of the Public 
Health Service in this district is the progress made in the installation $f sani- 
tary privies, not only in the city limits but in the outlying districts where in 
many cases no seflage is available and the pecple pour and have no knowledge of tue 

first principles of sanitetion, Dr. Parran states that over 2,600 box privies 
have been installed and several hundred of the more permanent concrete comparimat 
type. Up to the time of our visit all but thirty families on the north side had 
arranged to eithér connect with the sewer or put in box privies. 


The box privies are gather of the one — or two - can type. .- 
a i bard sie Ke sé One of the remarkable fea~ 
tures is that the cost of.the privies is borne by the people, and apparentiy quite 
willingly. The construction and installation are contracted for by the city and 
the people pay the city treasury $8,50 of $1),00, actortiing to the type used= one 
or two hole ~ when the phivy is installed, Usually the box is put in the house 
already in use, the seat being torn out and used to finivh sut the floor. One of 
the essential features of the use of this privy is of course the maintenance of 
an adequate scavenger service and the prompt and thorough cleaning of the recepta- 
cles: As soon as this service falls below the standard the whole advantage of the 
sanitary privy is lost, 


We were impressed by the freedom from odor around these privées and the come 
parative absence of flies. Of course the hot dry weather piobably favored both 
these conditions, but the ventilation is undoubtedly partisily responsible for tas 
lack of odor, Dr, Grady Shytles has been supervising vhe installa‘ion of the sane 
itary privies in the district around Hicks field. The village of Saginew is a mo- 
del in this respect, evefiy family having a privy, most of thew being of tho cone 
crete vault type. This same type has also been used extensively around wake Worth 
which is a summer camping ground for many people and being on the Jake which fur- 
nishes the water supply, not only to the city but to Camp Bowie, requiring chat y 
extraordinary precautions be taken looking to the proper disposel of human excrete, 
This concrete pit type was originally designed by Dr. Lumeden of the Pubic Healt 
Service, but certain minor improvements have been made by Dry, Shyt+es anc others 
of the local force, These privies consist essentially of a concrete receptes 19 
about 3 1/2 feet deep and with a solid partition from front to\tissx. Two gseets are 
provided on concrete hoppers. Only one of these is used at & time. When the sone 
crete cell becomes nearly full that side is closed and the other used. By the 
time the other is filled the first side has becowe inert as regards oder and bace 
terial activity and is then cleaned out and again used while tho obhes side is 
closed for a similar period. Occasionally a couple shoveifuls of dirt are vhrown 
into the pit to absorb the liquids. These privies, Jaixe the wooden boxes, sie 
provided with ventilating stacks and the odor is reduced to a minimum. A pana 
of these untts are used in community camping grounds and factories; The cost of 
construction under the Ft. Worth conditions was epproximately $22.00 to $25.00, 
not including the house which is really an unesssntial part. Two square openings 
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are left in the con¢rete behind the hoppers. These pfoject out behind the house, 
are closely boarded and covered with roofing. Through these the excrement is re- 
moved, This arrangement, together with tightly fitting seaté and screened ven- 
tilators, makeotithe privy fly-proof and only improved updn by the installation 
of an adewuate sewer system. Of course where sewer connection could be had they 


were made. Over one hundred houses were connected per week during a period of 
several months ° 


Establishments where Hogs are Fed Garbage; Three of these establishments 


ar@ now in operation in the Fort Worth district but only one of them has heen 
causing complaint. This establishment was first operated in the village of Sag- 
inaw and received the garbage from hick@ field. It became a nuisance and through 
the help of the Public Health officials was removed to another place. There was 
still much to be done to render this place less of a menace to public health. 
About 500 hogs are being fed garbage at this point. fhe hogs are kept rather 
closely penned in an area of probably less than an acre. Inadequate shade is 
provided in the form of low sheds and these extend over the feeding troughs which 
are never cleaned except to shovel the garbage out of them and under the sheds. 
The overflow of the feeding troughs and the unconsumed material make a filthy wet 
wallow in which the hogs lie during the heat of the day. Although this site has 
been occupied less than a month hog manure has accumulated in parts of the pen te 
a considerable depth and flies are breeding freely. Flies are also produced in 
refuse about the troughs and adult flies, although numerous now, would be produ. 
ced by the millions upon the cessation of the extreme hot dry weather. The main 
obyectionable features to this feeding pen are the failure to provide good feed- 
ing troughs and platforms and to clean out the unconsumed material and effective- 
ly dispose of it, the low sheds beneath which the soil is rough and rocky, and 
the inadequate room for the number of hogs fed.’ 


Two other places are maintained near Benbrook west of town. These are 
operated by Mr. Johnson who has contracted for the garbage from Camp Bowie, the 
flying field near Benbrook, and another south of Ft. Worth. The largest of these 
feeding places was visited. When Camp Bowie was well filled about 1,470) hogs 
were fed at this place, At present about 900 hogs are kept. These are ranged 
in te fields totaling about 80 acres. The area is very hilly and conssquently 
well drained and ample shade is provided by trees, etc. The feeding troughs are 
of concrete and about of the type which we think is best for the purpose. Behjnd 
the troughs there is a sloping concrete platform about eight feet wide. If this 
platform had a projecting edge to prevent the unconsumed garbage from being pugh- 
ed off on thé hillside below it would help maintain the place in good conditioa, 
The large range permits the hogs to defecate in areas well removed from the feed- 
ing quarters and greatly reduces the chances of fly breeding, The pens near the 
feeding troughs are scraped up occasinnally and the bones picked up and soid for 
fertilizer, It will be necessary to do this more frequently when showery yeath- 
er begins. One of the main difficubties experienced in maintaining the best sah~ 
itary conditions is the shortage of labor. The cleaning of the garbage cans seems 
to be haddled satisfactorily. They are washed in salsoda and caustic solution in 
side and out and seem to be free from dirt and grease. Dead hogs are promptly re- 
moved to rendering piants in town or burned. 


On the whole it appears to us the Public Health service has accomplished 
remarkable results in the short time they have been operating in the Ft. Worth dis- 
trict, both in insect control and many other lines calculated to guard the public 
health While there are still some things which can be improved the officials have 
the work well in hand and are follewing the anti-insect work vigorously. 
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y BUREAU OF ENTUNOLOGY | 
NCT 7. (Gin w 7 
out & OCT 7- i918 yy | 
EIVED 
PROCEEDINGS OF THE CLASS UDY“THE™ENPOMOLOGY 
OF DISEASE, HYGIENE AND SANITATION, 
becture 15, 
Sept. 9, 1918. COMMON FLIES AND HOW TO TELL THEM APART, 


CC, T, Greene. 


Flies are not only a nuisance to man but are really dangerous because 
they are capable of carrying many disease germs from place to place, They 
will walk over dead and decaying matter and probably the first place where they 
alight, after leaving this decaying material, will be some dinner table. If 
they should find a dinner table the first place to stop would be on the food 
and in this way many germs can be scattered by a single fly. 


The common “house fly" is a fly known by everybody and is a very common 
carrier of germs, and is often spoken of as the “typhoid fly." 


The body and legs of the fly are covered with many hairs and when the fly 
crawls over infected material many germs stick to these hairs and the next ob- 
ject upon which this fly alights naturally receives a great many of these germs. 
Food is an exceptionably fine receptacle for germs. Even more dangerous than 
the transferrence of germs on the legs and body of the fly is the fact that bac- 
teria are found in greater numbers and livellonger in the alimentary canal. Ve- 
ry often flies may be seen with a tiny drop of clear liquid at their mouth. 
These little droplets (sometimes called "vomit spots") are regurgitated matter 
and each droplet contains a great many germs. A great many germs ars also void- 
ed in the excreta of the fly. 


I have only included a few of the very common flies in this vaper, the 
flies that are likely to appear near any house or in any camp. All of them may 
be attracted by the odors of fresh and cooking foods. In the following pages 


I have made two tables, one to separate the different species of the adultsflies 
and the other to separate the different larvae or maggots of the flies. All the 


terms for the different parts of the flies and maggots have been made as plain 
as possible so that the tables can be used by a non-entomologist. In the fitss 
table for the adult flies, I have given the style of the mouth-parts, that is 
whether they are adapted for biting or simply suctorial, then the common name is 
given and then the scientific name, In the second table the larva or maggor can 
be separated into the different species. Then on another page, under the name 

of each species, the larva or maggor is deséribed in further detail and here men- 
tion is made as to where the species will breed. 


All the parcophagid or "flesh flies" can be readily separated from all the 
other flies because their bodies are entirely gray. The head is rather a bright 
red, the top of the back has three parallel dark stripes and the top of the ab- 
domen has lighter reflecting dreas giving it somewhat of a checkered appearances 


Table to Separate the Adult Flies. 


1. Dark gray, medium sized fly; top of thorax with four,parallel, black stripeec 
sides of abdomen with a large yellow area (variable in size and never def- 
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initely outlined; mouth-parts of the suctorial type, (see fig. 2) { never 
for biting); varieble in size but average about 1/4 inch in iength, The 
common house fly ( figs. 1 & 4) also called, Typhoid fiy# 

ee foe TO es et nme Mn = = Musee domestica, Le 
Brownish-gray fly, slightly larger and broader than the house fly. Top of 
thorax with two, long, parallel, black stripes and on each side of these 
is a large black dot, below which is a black stripe abuvt haif as lcng ag 
the two long stripes. Abdomen with two or three cone-shaped dark brown 
spots in the center and two ro three round spots on each side (figs 644 
Mouth-parts piercing or biting type ( fig. 3). Stable fly, also called 
biting house fiy, 

- oe i> Eee at ae ee ee Stomoxys calcitrans, L, 


——- 





ee 


Very dark gray fly, smaller and more slender than the house fly. Abdomen 
pointed and more conical in shape. Yellow spots on the sides definitely 
outlined ( fig. 5 ), Mouth-parts are of the suctorial type (fig. 2). The 
small house fly. 

= wee ee ew ee ee ee  ~ 6 ~Pannia canicularis L, 


Gray fly, a little larger than the house fly. (about the size of stomoxys 

celsitrans.) Top of tncrax has two, short, black stripes. Abdomen is gray 

and in certain lights there are paler gray areas which look like sptos but 
here are nezger any dorinitely outlined spots. Mouth-parts suctorial type 
(fig. 2). Another stable fly. 

88 en ee a oe ee Muscina stabulans, L. 


Large blue fiy, (average length three eighths to seven sixteenths of an in- 
ch). This fly ig rather broad and robust and in certain fights the abdo- 
men shows paler, reflecting areas but not definite spots, Mouth-parts suc- 


torial type (fig. 2). The common blow fly. Meig. 
ee al tithes 2 pel wet aad en ee eg, ee og ee Caliivhora erythrocephala./ 


A larger fly ebout the same size as the above but more shiby and a deep 
greenish biue, Abdomen siightly more pointed and of an even coloration (no 
reflecting sputs ). Mouth-parts suctorial type (fig. 2) Another biow fly, 
ag I I a a ge Mac i Rg a ee ae Calliphora vomitoria L. 

Much smalier fly, shiny, metallic green with a decided bluish tinge. Mouth- 
parts of the suctoriai type (fig. 2) Small green-bottle fly 

-- -- ee ee ee er ee er eee er er eee Lucitlia caesar, L. 

Another small fly, shiny green with a decided brassy tinge. Mouthpparts 
suctorialffig 2). A green-bottle fly. | 
ee Lucilia sericata, Meig. 

A dark green fly, little larger than the above species. It is shiny with 
bluish tinge. Top of thorax with three dark longitudinal stripes. Thorax 
often has a bronze tinge. (average length five sixteenths #6 three eighths 
of an inch.) Mouth-parts of the suctorial type ( fig). The" screw-worm 
ee we i eo Cockliomyia macellaria (Chrysomyia), Fab. 


Deep, shiny blue fly often with a blackish tinge, (about five sixteenths 
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of an inch in length) Mouth-parts of the suctorial type ( fig. 2). The 
black blow fly.- --~--+---+-+-+--- Phormia regina. 


9» Rshen gray to deep gray flies. Top of thorax with three blackish, longi- 
tudinal stripes. The abdomen has lighter gray reflecting spots ( in cer- 
tain lights). The different species vary{in size from a small fly up to 
a half inch in length. Mputh-parts are suctorial type ( fig. 2 ) Flesh 
flies. Be - = =~ = = ~ --- - = = + a - -Sarcophagidae. 


THE LARVAE OR MAGGOTS, 


There is a considerable number of flies whose larvae or maggots either 
regularly of occasionally live in substances used by man as food. The great 
majority pass through the intestinal tract without ofr knowledge, for most of 
them cause little or no trouble. Many dipterous larvae occur in decaying fruits 
and vegetables and on fresh and cooked meats, The blow fly for example, will 
deposit on meats in a pantry; while other maggots ocour in cheese, etc. Pies 
and puddings in restaurants are often accessible and very suitable places for 
flies to deposit their eggs and no doubt a great many maggots are swallowed in 
this way. The occurrence of Dipterous larvae in man is known as “myiasis".Var- 
iols names or divisions areggiven, as "myiasis externa" or “myiasis dermatosa” 
for larvae in the skin or wounds; “myiasis intestinalis" for those in the ali~ 
mentary canal. “Myéasis narium" for larvae in the nose. The presence of lar- 
vae in the nose is rather accidental in this country and usually due to the 

"screw worm.” In tropical countries this type of myiasis is quite common. 


|The larvae of the ox warble or vot-fly (Hypoderma lineata, Villers) some- 
times occurs in man. The eggs of this species are devosited upon the hairs of 
eattle and licked off by the animal, develop in the stomach, and the larvae 
bore upward to the baci, there to cause the "warble". If some of these eggs 
‘drop into the milk pail there is 4 chance that they wiil be swallowed by a per- 
sone So there are various cases recorded, mostly of children, where, in the 
winter time, a larva is observed under the skin, usually in the neck or shoul- 
ders, and upon removal proves to be the larvae of the bot-fly in the second 
stage. This infestation is sometimes called "creeping worms,” and many cases 
have been recorded by army surgeons on the Mexican bordere 


Descriptions of Larvae or Maggots. 





All the larvae mentioned here are broadest near the tip or tail of the 


body, and taper forward to the head. 


The larvad is divided into eleven parts, called segments, and the first 

ead. The head appears to be bilobed, or divided into two parts 
when viewed from above,and each owe bears a minute cylindrical, tubercle or 
papilla ( fig 7-4). Below is the moth opening; at one side and above it is the 
pair of mandibles or great hooked (fig. 7-B). The second segment bears on each 
side, in the full grown larvae, a short fan-shaped process,called the anterior 
spiracle ( fig 7-C).« For further details wee fig. 7. 


segment is the 
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TABLE TO SEPARATE THE LARVAE (MAGGOTS), 


A larva with the body flattened; Down the middle of the back are two rows 
of spines or processes, there ,.are also two rows along the under side and 
a single row of spines along each side. These spvines or processes are 
pointed and covered with many bristles. There are also two stigmal plates 
on top of the last segment.' Fig ll - - - - -- «= - - Fannia canicularis. 


With one great mouth-Hook; slits in stigmal plate winding, 


ee 


Body broadly rounded at rear end, without spines. Stigmal plate with three 
winding slits (figs. 8 to 10)---------------.-.--- Musca domestica, 








Body same as above species, stigmal plate with three S shaped slits (fig. 


x) Btomoxys calcitrans. 
Two great mouth-hooks, slits in stigmal plate not winding, 


Body slightly rounded at rear end, faintly spined and with three short, 
pointed slits in stigmal plate (fig. 22) 
oo ee ee Pee en ~ -Muscina stabulans. 


Stigmal plates wide apart, each plate with three, straight slits nearly 
transverse to the body and a distinct button ( fig. 26 ). 


lie Caliiphoria erythroce hala. 
(Calliphoria vomitoria) 


Stigmal plates about half their diameter apart, each with three straight 
slits directed somewhat downward. 
a ee on her ot, emilee ie at eg i ee Wg ea oe Lucilia sericate. 


Stigmal plates less than their own diameter apart, each with three strai- 
ght slits pointed downward; no button tate kal Gea) a 
SS ee eee ee ee Coch iomyia macsellaria (Chrysomyia). 


Stigmal plates at bottom of a deep pit; each paate has three slits point- 
ing downward, plates less than their diameter apart; no button, 
asl Ft ce ih am cea g egg a rg ig ALS Me Bly OM ~ --- Sarcophagidaé. 


Fannia canicularis wb. 


Thie larva is brownish yellow in color. ‘The body is quite flattened, narrow 
and pointed in front. The peculdar spines or projections on the body will 
separate it from the other species. The larva averages nearly three-eighths 


of an inch in lenght ( fig. 11.) 


Since larvae of this genus feed on fruit and vegetables that are gust begin- 
ning to decay one can readily see that they are often swallowed by peonvle 
There are many records of the passage of larvae or maggots of this genus+ 
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At least some species of this genus breed in human feces, therefore they may 
be possible conveyers of disease. 


Musca domestica, 


The larva of the house fly (fig. 8) is slender and tapering in front and 
large and somewhat rounded behing. From above,the head is diviced into two 
parts with a tiny papilla on each side (fig. 9) and there is but one great hook. 
The anterior spiracles (fig. 6a) show six or seven lobes; on the under side of 
the sixth and following segments there is a transverse, swollen area, wider in 
the middle and somewhat pointed toward each eid. These areas are provided with 
minute teeth, The area is slightly prominent and showe two approximate process-= 
CS. The stigmal field is barely if at all concave and net outiined by tuber- 
cles; the posterior spiracles (fig. 10) are prominent, less than their own di- 
ameter apart and each with three, winding slits and a button at the base. In 
some cases two of the winding slits are apparentiy connected. The second stage 
larvae has two straight slits in each stigmal plate, while in the first larval 
stage there are two smaller slits on a tuberéle each side of the middle and in 
this stage there are no anterior spiracles. (8a) 


The larva of the house fly is rerely swallowed, but there are records to 
that effect. It sometimes breeds in decaying fruits and vegetables. The prin- 
cipal breeding place is in horse-manure. It also breeds in human excrement and 
because of this habit it is very dangerous to human beings. 


Stomoxys calcitrans, L. 


The larva of this species is very similar to that of the house fly, with 

a single great hook; the anterior spiracles have five lobes,(fig. 24); the six- 
th and following segments have each an area on the under side provided with tu- 
bercles, this area is wider in the middle; anal area has two submedian tubercles 
and three each side of these; above them is a row of minute granules, ending each 
side ina larger granulate tubercle; there are no tubercles outlining the stig- 
ma field; the stigmal plates are sub-trianguiar, about one and one-half times 
their diameter avart, black, and each with three pale areas containing an S-shape 
ed slit (fig. 23). These slits are never near each other like in the house fly, 


and there is no apparent button, 


This larva commonly breeds in manure of various kinds, but also in decay- 
ing matter, and is not often passed by people, but there is one record. Horse 
manure, cow manure, and warm, decaying vegetabion, like old straw and grass 


heaps are common vfteeding places. 
Muscina stabulans, Fallen, 


divided into two parts from above, no distinct pap- 
anterior spiracles with about gix lobes 
gtly smooth. Beginning with the 


Head of larva (fig. 9) 
illa; two great hooks close together; ar 
(fig.20). The surface of the segments is mo 
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fifth segment, on the under side, there is a basal, transverse, swollen area 
furnished on the crest with rows of teeth; each of these gress is divided on 
the median line. On the next to the last segment there is a similar area at 
the tip, but noe divided. The segments below also show a transverse line be- 
fore the middle. The last segment has the anal basal area with spines, but not 
very prominent, and bears a median and three lateral tubercles with eine a. The 
tubercles are nearly in attransverse row; The rounded tip of the body (fig. 21) 
shows, across thermiddle, faint traces of four, low cones. The stigmal plates 
fries 22) are scarcely elevated, black, less than their own diameter apart, and 
each with three very short slits pointing towards those of the spposite plate. 


This larva is common in decaying vegetable matter; and has been reared 
from rotten apples, pears, squash, mushrooms and dead insect larvae. In one 
case a considerable number were passed by a child suffering with summer com- 
plaint. Laboulbene records larvae of this species vomited by a person suffer- 
ing from bronchitis. 


Calliphora erythrocephala, Meigen. 


The head of this larva is distinctly divided int& two parts from above 
(fig. 25),side view of head) each part or lobe has a tiny papilla. There are 
two well separated mouth hooks. The anterior spiracles have from nine to twelve 
lobes. Beginning with the third, each segment shows an apical swollen ring or 
girdle, whose surface is scabrous (roughened like a file); these rings are broad- 
er below than above,and are here notched on the posterior middle. Each ventral 
segment, beginning with the fifth, is divided by a transverse groove near the 
middle. The anal area shows a smooth median process, divided in the middle. 
The anal area shows a smooth median process, divided in the midcle, and at each 
outer corner is a cone. The stigmal field is rather concave, the upper lip with 
three small tubercles on each side, the lower lip with two larger tubercles on 
each side, and a median pair smaller and lower down. The stigmal plates are 
about once and a fourth their diameter apart, each with three simple straight di- 
rected slightly downward but mostly toward those of the ppposite plate; the bute 
ton is distinct. (fig. 26) 


The blow - fly deposits eggs on dead animals, and also on fresh and cook- 
ed meats, As such are often accessible to them in pantries, it is readily seen 
that many larvae are, arecswalloweadcaby: people each year; there are, however, com- 
paratively few records, probably beéause the food causes no trouble. 


Calliphora vomitoria, Linne. 





This larva seems to be identical with that of Calliphora erythrocephala. 
There seems to be no visible characters to separate it from this latter spe- 
cies (figs. 25 and 26). The habits are about the same. 


Lucilia sericata, Meigen. 


The head is distinctly divided 


Body rather stout, not slender in front. 
The two great mouth- 


into two parts or lobes, with distinct papilla (fig. 12-13), 
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hooks are well separated. The anterior spiracles are provided with about eight 
lobes. The surface of the body is mostly smooth; the sides of segments 3,4, and 
5 are bilobed; beginning with segment 6 there is a basal ring girdle, roughened 
these girdles on segments 6 to 9 are widened on the middle of the under side of 
the larva; the sides are also swollen, but not plainly bilobed, except those near 
the tip. The undersides of the segments are transversely divided by a line or 
furrow in the middle. The last segment is short,the stigma] field occupying 
most of the tip. The stigmal field has a slightly depressed, upper lip with 
three sharp tubercles on each side, the intermediate one hardly smaller than 

the others; and a lower lip with two large, sharp, tubercles on each side, and 

a median, pair more remateifrom the margin. (fig. 14) The anal area*is rather 
sunken, with a small rounded tubercle at each outer corner. The stigmal plates 
are about one-half their diameter apart, each with three straight slits, direct- 
ed somewhat towards each other, but also downward, 


This larva is mentioned on account of the adult which is very likely to be 
met with. This larva is mostly injurious to sheep. Meinert has reared another 
Lucilia ( L. nobilis, of Europe) from larvae taken from the ears of a sailor. 


Cochliomyia macellaria, Fab. (Chrysomyia). 


The head from above is distinctly bilobed (fig. 15). There are two dis- 
tinct hooks. The anterior spiracles are very short, and contain only 7 lobes 
(fig. 17). The posterior upper part of segment 1 is swollen and with many spines 
(fig 15). Each of the following segments (except 2) has a basal, swollen ring, 
armed with teeth pointing backward, the teeth of the front rows are always lar- 
ger. Beginning with segment 6 the under part of each ring is much broadened 
and divided transversely by a narrow smooth space. On segments 5 to 10 there is 
on each side behind, a fusiform swollen area pressing against the swollen ring 
of the next segment; this area also has spines. The tip of the. body shows on 
the dorsal vart a great cavitf¥ in the bottom of which are the stigmal plates, 
each with three straight slits, those of one sub-parallel to those of the other; 
there is no button (fig. 18). Behind this cavity is a high, transverse, spiny 
crest; and the ventral vart of the tip shows an area covered with spines bear- 
ing two rather widely separated, prominent, smooth tubercles, The upper edge 
of the tip shows four small conical tubercles, The larva of this insect is call- 
ed the "screw-worm", and ocaurs in sores and wounds of domestic animals and al- 
so in man. There are various records of its presence in the ears and nosé, or 
nasal cavities, of people; from swellings near the nose; froma boil under the 
arm; from under the skin of a child; and in the navel of a child. It is hardly 
a possible factor in intestinal myiasis, and most of such recorded cases prob- 
abay belonged to some species of Sarcophaga whose larvae are very similar in 
appearance to those of the screw-worm. 


Sarcophagidas. 


The $arcophagidae have two great hooks, and the posterior stigmal Bene 
have three slits assin Calliphora erythrocephala and Lucilia sericata. However, 
these slits are not directed toward those of the «pposite plate but ok ee 
allel to them. The stigmal field is strongly depressed to form 4 mae . P ee 
the stigmal plates are at the bottom of this pits The segments o e body hes 
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complate rings of spinose areas, and often supplementary pads on the sides. 


Sarcophaga larvae prefer animal matter, and have been found in cheese, 
oleomargarine, pickled herring, dead insects, and human feces, A species was 
also reared from decaying wegetables, 
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CHARACTERS OF THE ADULT FLIES. 






> ee 5 
[ _ ABDOMEN 


Musca pomesticd L, 
/ 
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Little House Fly 





House Fly 


Musca domestica, L. Fannia canicularis, 


In figures 4, 5, and 6 the relative size of the abdomen is shown, 
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ABDOMINAL MARKINGS 
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Stable Fly. 


L. Stomoxys calcitrans, Ly 


The 


light area in figs. 4 and 5 represent the yellow markings and they ars variable 


in size. 
er according to the specimen examined. 


In fig. 4 the yellow markings or spots may be much smaller or large 


In fig. 6, the markings on the last or pointed segment may be oresent or 


absent. 
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CHARACTERS OF THE LARVAE, (MAGGOTS), 
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A----Papilla of the head. (A thimble shaped projection) 
B----Great hooks (also called the mouth hooks) . 
C----Anterior spiracles or breathing pores. end. } 
D----Ventral fusiform area. (widest at the middle, tapering to a point at each/ 
Ee---Lateral fusiform area, 
F----Anal tubercle. (Athimble shaped projection) 
G----Apical spines. (Pointed projections on the edge of the stigmal field) 
H----Stigmal field. (A flat or sunken area containing the posterior plates) 
The posterior plates are also called the posterior spiracles. These plates 
contain the slits which are the spiracles or breathing pores. There are 
always two of these plates, 
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OF DISEASE, HYGIENE AND SANITATION, 
Becture 15, WHAT WE SHOULD KNOW ABOUT MOSQUITO BIULOGY. 


September 16, 1918. 
BW. Dwight Bierce and C,T, Greene, 


Entomologists are generally better informed about the life history of 
mosquitoes than of most of the insects which farry disease. It is therefore 
more essential at this time to sketch over some of the points to which we as 
sanitary entomologists must pay attention, 


Any one studying mosquitoes must Before completing his study digest the 
wonderful mass of material in Howard, Dyar and Knab's Monograph, especially vol- 
ume 1. 


All mosquitees pass their early stages in water. They cannot develop in 
any other medium, 


The adult mosquito is known to every one, but its eggs deposited on the wa- 
ter are the least known. The larvae, commonly khown as wiggle tails and the pe. 
culiar shaped pupae are faifly well known. 


| The different species of mosquitees are more or less selective as td the 
type of water in which they breed, and careful study of mosquito habitats is ese 
sential to all who have to do with whosquito sanitation, Therefore we must at 
Jeast to day consider the hdbits of all out Atwerican disease carrying mosquitoes, 
Many of the others may be cdpable of carrying disease, but no proof has been 
brought forward against them, 


In leéture 13 it was shown that the following mosquitoes of the United 
States are disease carriers, 


Dengue fever is carried by Culex guinguefasciatus (fatigans), and Aedes 
argenteus (Stegomyia calopus or fasciatus). 


rgenteus 


— 


Yellow fever is carried by Addes 


Sudtertian or aestivo-autumnal malaria is carried by Anopheles crucians, 
pseudopunctipennis, punctipennis, and guadrimaculatus. 


Quartan malaria is carried by Anopheles quadrimaculatius. 


certien malaria is carried by Anopheles crucians, punctipennis and Quadri- 


maculatus. 
Fileriasis is carried by Culex gugnquefasciatus, and Aedes argenteus, 


These six species of mosquitoes are then the ones most to be feared in our 


own gountry. One travelling in other countries must guard against entirely dif- 
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ferent species. 


OVIPOSITION AND THE EGG STAGE. 


Mosquitoes lay their eggs in various ways. The mode of deposition best 
known is that ot laying all the eggs at once in a so-called raft. The eggs are 
cylindrical, rounded at the ends and tapering to the upper end. They are place 
ed in an upright position and fastened together by a viscous secretion, They 
are deposited upon the water or near to it. Such is the type of ovipositiédn of 
Culex and several other genera. 


Some mosquitoes, as Culex jenningsi, surround the eggs with a gelatinous 
mass which furnishes the first food to the newly hatched larvae. 


The various species of Anopheles deposit the eggs separately in small num 
bers on the surface of the water. The eggs lie upon their sides are kept afloat 
by a peculiar hydrostatic organ, a partial envelope which is more or less expand 
ed, particularly along the median Portion of the egg. This organ is variously 
shaped in the different species of Anopheles and is called a float. 


Of the mosquitoes which lay single eggs some fasten them by a gelatinous 
substance at the margin of the water, others day them on the ground where they 
remain until rains provide sufficient moisture for hatthing.Some of these eggs 
are enabagd to float because of spinose tubercles which Rold the air between them. 
The species of Agdds lay their eggs singly and not all at once. Thus it happens 
that eges laid in the summer in northern latitudes lay over to the mext spring. 


Aedes argenteus Poiret,(see fig.1) the yellow fever, mosquito,lays eggs 
measuring 0.53 mm. long and 0.15 mm. in daameter. They are black, fusiform, very 
slightly flattened on one side, slightly more tapered toward the micropylar end; 
sculptured with rough, somewhat irregular rhomboidal callosities forming spéral 
rows. Under natural conditions the eggs are laid singly in small irregular groups 
some distance above the margin of the water,they are laid in from one to seven 
days after thé female has fed upon blood, and usually are laid at intervals af- 
ter successive blood meals. 





Culex quingquefasciatus Say, the dengue fever mosquito lays its eggs in 
Soat-shaped masses floating on the surface of the water. It may lay from 180 to 
350 in a mass in 7 to 11 rows. The eggs hatch after one to three days. An egg 
mass of Culex pipiens, our common house mosquito is shown in Sige. 


Anopheles crucians Wiedemann has an elongate fusiform eggs (fig. 5), slight- 
ly more tapered toward one end, both ends rounded, The dorsal surface is gran- 
ular, the ventral surface coarsely hexagonally reticulate. The floats occupy ab- 
out half the sides in top view, and are separated at the middle by nearly one third 
the diameter of the egg. These eggs are laid singly, a small number at a time, 
upon the surface of the water. ; 


p. ipenni i te fusiform egg, reticulate 
Anopheles punctipennis Say (fig. 3) has an elonga jiform egg, t 
ventrally, finely granular dorsally. The floats are large, extending nearly to the 


apices, closely approximated medianly on the dorsal surface, arcuately proguaea at 
the Bigce to the apical fourths, widely separated on tne ventral surface and show- 
ing only on middle third of sides. The eggs are laid singly or in small groups up- 


on the surface of the water. 
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THE LARVAE AND THEIR HABITS, 


All mosquitoelarvae are aquatic. By far the most of the larvae occur in 
small deposits of water, although certain species oceur in iarge bodies of water, 
Those species which lay there eces on the ground in dry regions, hatch as soon ag 
rains occuriand the larvae go throtgh a vary rapid cdeveiopment. Such species shay) 
a rather marked periodicity in troods. Species which have abundance of water 
breed continuousiy Guring the warmer seasons. One is apt to find mosquito larvae 
whenever water occurs, 


The food of the larvae varies, but usually consists of the minute forms 
of plant and animai life in the water, although vertain species are predaceous, 
and some are scavengers upon the dead animal and insect lize in théir habitat. 


The larvae of mosquitoes are very pecul 
furnished with tufts of filawents which are con ancly in vibretion, The head is 
at en, and tne abdomen slendeB, 


larger, the antennae long, the thorax somewh ; 
és. From the next to tne 
Ci 


S =) 
The sides of the body are furnished with stiff brist! 
last segment there protrudes a tong tube nearly as thick ag the body itself, and 
it is this tube that touches the surface of the water wnen the larvaé-rices to 
oreatne, When in this position the larva hangs downward in variovs attitudes 
chargceteristic of the species, The object of this tube is to get air. At the 
extremity is a breathing hole, or spiracle, and into it run two main trasheae 
which extend through the body of the insect with many branches which carry air 
to all parts of its tissues. The true anal end of the body is furnished with 
four more or less developed tracheal gills. 


When suspended from the surface the wriggler's mouth parts ann constant. 
ly in vibration, bringing into its mouth any minute particles which float in suse 
pension in the water, 


It is when the larva extends its breathing tube from the surface of the 
water that it offers the greatest opportunity for control, All efforts to maing 
tain an oil film on the surface of the water are aimed at clogging up this tube 
when it comes to the surface,tand thus cutting off the air supply. 


Occasionally the larvaé descends to the bottom, jerking its body violent 


ly from side to side. The anal tracheal gills undoubtedly assist in this motion. 
The larvae are active and move backward through the water by these jerky movements. 
They can move slowly forward by the action of the mouth brushes. Some species are 
specially equipped for obtaining air from the water or from plants and do not come 
to the sufface. This is fortunately mot the case with those we are most interest- 


ed ine 


Aedes argenteus larva (Fig. 9.) has the head rounded,wid behind the 
eyes, The thorax is rounded, wider than long, with moderate, rather sparse pred 
The abdomen is rather long, the tracheal tubes are broad, Bandeaha pod. The aro 
tube is stout, short, strongly tapered on outer hai, over twice mbit Siac bine. 
with the pecten running nearly haifway, followed by a single burt of a. row hairs 
Each single pecten-tooth is a rather long spine with two large and Some nina 
teeth within and small ones without. The lateral comb of the eighth segment is 
composed of ten scales in a single row. The anai segirent is shore, wider ries 
long, almost rigged by the plate, which nearly touches ventrally, but is no 
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united. The ventral brush is moderate, directed posteriorly. The anal gills 
are long, wide, tracheate, with rounded tips. 


The larvae live in accumulations of water in artificial receptacles. 
+o ] Ta 4 + } Ae eo , : ; 1. a 
 eeged po 8es a tree hoe inbabiving species, but is now wholly donesticated 
anc ig tound in houses and in the vicinity of hyman habitations. The larvae 
thrive very well in water containing food refuse and in muddy water. 


; Culex quinguefasciatus larva (fig. 10). has the head roun- 
ded, widest through the eyes. The thorax is rounded, tiider than lone. The edo 
domen is moderatejywitn the anterior segments shorter. The tracheae are wether 
pvoad. The air tubegis rather stout, tapered on outer haif, four times as icng as 
wide, with the pecten running about one-third, each pecten-tooth is broad with 
three to six branches. The lateral comb of the Cighth segment is comnozed of 
many spines in a triangular patch. The anal segment is a little longer than wide, 
ringed by the plate. The ventral brush is well developed, confined to the barred 
area, The anal gills are rather short and broad, longer than the segment, tapere 
ead toward tips. 


The larvae are found most frequently in artificqgal receptacles, but also in 
ground pools in the vicinity of habitations when the water is sufficiently pollu. 
tec. The species thrives best in water charged with animal mattei and shows a pref. 
erence for filthy water. Breeding foes on continuously while conditions are favor» 
able. Under the most favorable conditions the larval period may be five or six 
days. 


Anopheles crucians larva has the head rounded, elongate, bulging at the 
sides, with the frontal portion before the antennae conically produced, The tho- 
rax is rounded quadrate, about as long as wide. The abdomen is stout, with the 
anterior segments shorter, The air tube is sessile, subguadrate, roundedly angl- 
ed posteriorly The lateral plates of the eighth segment iar posteriorly armed 
with a series of spines, about eight long stout ones, separated from each other 
by from one to four short spines. The anal segment is about as long as wide, with 
a small dorsal plate. The ventral brush is well developed, of long branched tufts, 
The anal gills are moderate, about as the segment, slightly constricted central- 
ly, blunt pointed. 


The larvae live in ground-pools, usually in tidal masshes. Breeding al- 
SO occurs inland. Below New Orleans it is an abundant pest in the salt and brack- 
ish water marshes, where it occurs in undiminished numbers even in the winter. 


Anopheles pseudopunctipennis larva differs but little from the preceding 
but may be separated in the tabie which foilows. 


This species is somewhat discriminating in choice of breeding place. It 
prefers as a rule water of great: purity and rapidity of current, Tha larval food 
is by preference the soft green algae. It has been found, however, in irrigating 
ditches, in clear quiet pools formed by the overflow of a watering trough, in ditch- 
€s, pools and puddies, in tanks, well-holes ard spring-holes full of algae. 

AnopheRes punctipennis larvae (fig. i2) are found in all sprts of water in 
ground-pools and streams and o¢casionally in aitificial receptacles. The larvae 
are found all the season breeding being centinuous until winter. The larvae occur 
most commonly in swamps containirg algae. Larvae have been found repeatedly in 
rein puddles, the water muddy and without trace of algal growths. 





nopheles quacriaseuiatus larva is most like that of punctipennic, The 
darvae occur in natural collections of water of a mare or less permanent nature, 
They often occur in the same locations as buncvinermnis, but are more addicted 
to permanent stagnant water, such as the edges of Sluggish rivers and mershes 
containing algae, less to springs and running water, and do not occur in, tempo- 
rary ground pools filled by rains. 


The larvae of Anopheles are to be distinguished from Culex and Aedes by 
tne nabit of feeding. The two Jutter gerera have larvae with long breathing tubes 
by which they hang from the surface of the water with the head downward and “ced 
on the life under the gurfaco. Anopheles larvae have very short breathing tubea, 
They are surface feeders and are heid to the surface by the tube and the fan shap.- 
ea abdominai tufts. The head is turned completely over with the mouth uppernios% 
in the act of feeding. 


The Anopheles larvae may be partially senarated by the following table; 
De Abdomen with five pairs of fan-shaped tufts, the first pir small 


8 Say 


Fehon tad 4a r 5 
(ounstinenn? 
tr ore -~ (guadrimeculatugs Say 


RETR Or at ame h Nema 


Abdomen with five pairs of fan-shaped tufts--.2, 


Re First and last pair of fan-shaped tufts smaller than the others 
Rete aed a Se al ee es in crucians Wiedemann 


Fan-shaped tufts all equal, each element in the tuft with long slender 
apical portion 
Socaeae ----pscudopunctipenunis Theobald 


THE PUPAE, 


Unlike other insect pupae the mosquito pupae are active and capable of 


moving rapidly through the water. They depend upon communication with the air 
for respiration. The respiration takes place through a pair of appendages on the 
thorax, called the respiratory trumpets, By lashing the pair of chitinous plates 
at the apex of the @ightn segment, called paddles, the puna can descend rapidly. 
It rises to the surface as scon as it ceases its efforts. The pupa of mosquitoes 
is also peculiar in that it possesses eyes, which enable it to see the approach 
of an enemy and make its escape, Figures of the three genera discussed in the 
paper are given (figs. 6,7,3). 


ADULT MOSQUITOES, 


The adult mosquitees are Mrown to all of us. The males teke only vege- 
table food, but the females also require a blood feed, in many species, before 
they can oviposit. Various species attack insects, frogs, bards and aii types of 
mammals for their blood-feed. Culex quinguefasciatus feeds at night, f6€eg3 aresh- 
teus in the day time, and the Anopheles during tne twilight hours of eariy mornirg 
and evening. 
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is. Palpus of female as long as tne beak (see fig. 13) and the wings 
brown with yellowish-white spots or markings {5,6,7,8)--~Anopheles 


&. Palpus of female shorter than beak (see fig. 12) and wings without 
definite spots or markings-.-.--( Aedes (3) 
( Culex (4) 


3- A dark brown species with two curved, Silvery white lines (resembl- 
ing anc inverted lyre) on top of body. Yellow fever mosquito-—Aedes argenteus 
Pours 


4. Pale reddish-brown species with top of abdomen much darker and with 
9 yellowish-whaité bands across the top---Culex guinguefasciatus Say. 


3+ A dark brown species with a vein near the base of the wing yellowish. 
white and this vein having three distinct dark spots---Anopheles cruciang Weid. 


6. A dark brown species with the wings mostly brown having a large yel- 
lowish-white spot on the front edge of wing towards the tip ami a smaller light 
spot close to the tip. Fringe at the tip of wing dark-»—Anophelss punctipernis 

(Say. 
7s A species very slightly smaller. Wings cleat except along front 
edge where there are three large yellowish-white spots towards the tip. The 
third spot is at the tip and the fringe at the tip of the wing is yellowish-white 
-~-~Anopneles pseudopunctipennis Theob. 


8. A brown species with the wings without pale, conspicuous markings. 
Wings with four dark gray to black spots on outer half. 


2: -_ 


-~~----Anopheles quadrimaculatus. Say. 


The yellow-fever mosquito is more definitely marked than any other spe- 
cies of mosquito known. The general color is a dark brown on tov of the thorax or 
back there are two siivery-white curved lines which resemble andinverted Lyre. 
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BoNTROL OF HOUSE FLIES BY THE MAG- 
GOT TRAP METHOD 


By E. N. Cory. 





INTRODUCTION. 


In the late spring of 1914 a practical, test of the maggot trap, as 
devised and tested in an experimental way by R. H. Hutchison,* was 
planned and begun in cooperation with the Bureau of Entomology, 
U. 8. Department of Agriculture.* 

One trap was constructed at the College barn, operated during 
the season and the results published by the Bureau of Entomology.’ 
The results were so encouraging that it was decided to increase the 
scope of the test to include two traps at the Experiment Station. 
This was accordingly done in 1915 and continued through 1916 and 
the results of the three years’ work are herein reported. Details 
of the work were attended to by Mr. Max Kisliuk, a eraduate of 
this College, in the employ of the Bureau of Entomology. 

Bulletin No. 200 of the U. S. Department of Agriculture prepared 
by Mr. Hutchison gives the essential data in regard to the first year’s 
work and has been freely used, in many parts verbatim or with 


slight changes. 
ImportTaNce or House Fiy CoNntTROL. 
Indisputable evidence, has demonstrated that the common house 
fly (Musca domestica Linn.) is largely responsible for the dissemi- 


nation of typhoid fever, and other intestinal diseases. It is also an 
important carrier of tuberculosis, visiting sputum of tubercular 
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patients and ingesting tubercular bacilli and subsequently voiding 
the bacilli on human food in the form of ‘‘fly specks”’ or excreta, 


Therefore on the above indictment alone, not to mention the fact 
that they are a filthy nuisance, the importance of reducing the num- 
ber of flies is evident. 

To make this reduction in the most effective and economical way, 
efforts must be centered in reducing the number of larvae, the po- 
tential flies, because efforts directed against the adults are usually 
ineffective as the eges frequently have been deposited before the flies 
are captured. 


DESCRIPTION AND Lire History or tHE House Fiy. 





Fig. 1—The house fly, Musca domestica Linn. Note the broad tip 
of the proboscis. 


The house fly (Fig. 1) is about ¥g inch long, gray above, striped 
with black on the thorax, dirty white to straw color bexeath with 
black legs and feet, covered with minute hairs. Its mouth parts are 
formed for lapping. Another fly, the stable fly (Stomozys calcitrans 
Linn.) which is very similar in appearance, has piercing mouth-parts 
(Fig. 2) and its presence in houses is responsible for the widespread 
belief that the house fly ean pierce the skin. 
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Fig. 2.—The stable fly, Stomoxys calcitrans Linn. Note the sharp 
proboscis extended forward. 


The house fly deposits its eggs to the number of 60-100, prefer- 
ably on fresh horse manure. These eggs hatch in from 8 to 40 hours 
under favorable temperature conditions. The larval stage may oc- 
eupy from 5 to 26 days dependent upon temperature, moisture and 
an abundance of the favored food. The pupal stage or period dur- 
ing which the larva changes from a white maggot to the adult winged 
insect may require 4 to 21 days. The shortest period is therefore 
9 1/3 days for the complete life cycle from the egg to the adult in- 
sect. Egg laying begins about 10 days after emergence. 

Efforts to kill the larvae must, therefore, be especially efficient 
within the period of 9 days and must extend over a sufficient period 
to insure the destruction of all larvae that might take a longer 
period for their development. 

Previous remedial measures have for the most part consisted of 
treating the manure with various materials with the hope that they 
would prove efficient ‘‘larvicides’’. However, the work has been 
largely ineffective, due to the difficulty of thorough treatment; or, 
uneconomical, due to the prohibitive cost of materials and labor or 
the injurious effect on the fertilizing value of the manure by the 


_ larvicides. 


LocaL CONDITIONS wiITtH REGARD TO FLY PREVALENCE AND BREEDING 
PLACES. 


The college is somewhat isolated by its position on a hill and 
separated a considerable distane from any nearby stables. On the 


‘ 
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accompanying map (Fig. 3), which has been adapted from a map of 
the Geological Survey, is shown the topography of the surrounding 
section. The location of only two of the college buildings is given, 
viz., the college kitchen (IX) and the stable (S). The college kitchen, 
by reason of odors from cooking and the presence of garbage kept 
in iron pails just outside the door, attracted large numbers of flies. 
However, no flies were breeding out from this, garbage, for the rea- 
son that it was entirely removed every two or three days and taken 
to a near-by farm, where it was fed to hogs. & 

















Fig. 3.—Map of vicinity of the Maryland Agricultural College showing the 
location of the college kitchen (K), the stable (S), and the proximity of 
other breeding places of flies (A, iB; Cle Di ete) “CAtter Hutchison, U. S. 
D. A. Bull. 200). ‘ 


The breeding ground nearest to the kitchen was the pile of manure 
heaped just outside the college stable. This is nearly 200 yards 
northwest of the kitchen. It is probable that a large majority of the 
flies at the kitchen came from this source. Upon examination at 
various times during June and July, 1914, the fresher portions of 
this heap were always found heavily infested with larvac. Puparia 
were also found in great abundance in the loose soil and in the ma- 
nure at the periphery of the pile. Three horses were kept in this 
stable, and two of them were standing in the stalls during the greater 
part of each day. Flies were also very numerous in and about the 
stable, and during the day the horses were continuously tormented 
by them. 

With the exception of the college stable, there were no breeding 
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places for flies within 400 yards of the kitchen. ‘The stable, indi- 
cated by the letter S on the map, is approximately 400 yards from 
the kitchen and about 200 yards from the college stable. Other sta- 
bles are located some 400 to 500 yards west of the college stable, the 
distance from the kitchen being about 200 yards greater. 

Another extensive breeding place was found in the large collee- 
tions of manure at the barns of the experiment station, located about 
700 yards northeast of the college. This is indicated on the map by 
the letter A. 


PART I. 


PLAN oF First EXPERIMENT. 


During the season of 1913 experiments were earried out independ- 
ently by Levy and Tuck at Richmond, Va.,? by C. G. Hewitt! at Ot- 
tawa, Canada, and by R. H. Hutchison at Arlington, Va.,t and New 
Orleans, La., all of which demonstrated a migratory habit of house 
fly larvae just before pupation. It was found easy to trap them at 
this particular stage of their development, and experiments with 
small maggot traps showed that as high as 98 or 99 per cent of the 
larvae could be caught. 

It was planned therefore, to construct a maggot trap large 
enough to take care of the entire manure production at the college 
barn, with the idea that if the trap proved effective there should ap- 
pear a marked decrease in the prevalence of flies, not only at the 
barn, but at the college kitchen. To determine whether or not the 
trap was effective the following three lines of observation were under- 
taken: (1) By collection and careful estimation of the larvae caught 
by the trap and subsequent search for puparia in the manure, to get 
some idea of the percentage destroyed; (2) by making numerous fly 
counts during the season to find out whether the prevalence of flies 
at the kitchen and stable were decreased; and (3) to determine 
whether any of the flies at the college came from near-by breeding 
grounds (A, B, C, ete.) other than the manure heap at the college 
stable. 


Tur Maccor TRAP. 


The maggot trap used in this experiment was designed and con- 
structed as follows: First, a conerete floor was prepared 22 feet 
long and 12 feet wide. Around this floor was a rim or wall of con- 
crete 4 inches high and 4 inches thick. An outlet pipe 4 inches in 
diameter was fitted in one corner toward which the floor sloped a 
little so that water would run out easily. Water was retained in the 
basin by stopping the pipe outlet with a plug of soft wood. The 
pipe outlet led to a small cistern 5 feet square and 4 feet deep. 
the walls and floor of which were made of concrete. A wooden plat- 
form 20 feet long and 10 feet wide, supported on legs 1 foot high 
was constructed on the basin. The framework of the platform was 
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made of 2 by 4-inch studding. There were 6 of these pieces running 
lengthwise 2 feet apart, and one fastened across each end. Each of 
the long pieces was supported on four legs set at intervals of nearly 
7 feet. Across the top of the framework were nailed strips 10 feet 
long by 1 1/4 inches thick and 1 inch wide. These strips were nailed 
1 inch apart. Fig. 4 shows most of the details of construction. Fig. 
5 gives another view, including the outlet pipe, consisting of 4-inch 
terra cotta and the pump in place over the cistern. On account of 
various obstructions it was necessary to place the cistern some dis- 
tance away from the trap, although as will be pointed out later, it is 
desirable to have the cistern close to the trap, and the pump so ar- 
ranged as to return the contents of the cistern to the manure heap 
on the platform. The initial cost is about $45.00 for a single trap. 
Two traps may be constructed for about $75.00. 


PLAN OF THE EXPERIMENT IN 1914. 


The maggot trap was put into operation on July 25, 1914. On this 
date the manure pile which had accumulated in front of the barn 
during June and July was hauled away and spread on the fields, so 
that, beyond the hatching out of the pupae and larvae already pres- 
ent, it ceased to exist as a breeding ground for flies. On and after 
July 25th each day’s production of manure was heaped on the plat- 
form. Beginning at the end farthest from the barn door, the manure 
was piled up to a height of from 3 1/2 to 4 feet. The heap was main- 
tained at about this height, and with the daily additions it kept in- 
ereasing in length. Figs. 4 and 5 show the appearance of the 
heap after a little more than four weeks’ accumulation. The plat- 
form was found large enough to hold a little more than two months’ 
production of the total manure produced by three horses. Each day, 
after the addition of manure and litter from the stable, the manure © 
on the platform was sprinkled with enough water to moisten it thor- 
oughly without causing any leaching. Water was run into the con- 
erete basin below the platform, so that the floor beneath the manure 
was covered to a depth of 1/2 inch in the shallowest part. Larvae 
migrating from the manure dropped into the water below and were 
drowned. 

At least once a week, and sometimes oftener, the water was drawn 
off from the basin into the cistern and the floor was washed clean by 
a strong stream of water. The larvae which had fallen into the 
water, together with the debris which had sifted through the plat- 
form or fallen from the sides, were collected at the cistern end of the 
outlet pipe in a strainer. The matter thus retained in the strainer 
was then spread out on a smooth concrete surface near by, and the 
number of larvae present was carefully estimated. The outlet was 
then plugged, and the basin again partly filled with water by pump- 
ing back what had run into he cistern. 
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THE PERCENTAGE OF Maacors DrsrroyEp IN 1914. 


Without going into details of the weekly or bi-weekly counts, it 
will be enough to state that during the period from July 25th to Oc- 
tober Ist a total of about 112,000 dead larvae was ecllected in this 
way. But this number does not represent all that dropped out of the 
manure into the water below. <A flock of young turkeys roamed at 
large during the summer over the college grounds and adjoining 
fields. Having once found the maggot trap they made frequent visits 
and were seen to devour the larvae with great avidity, sometimes 
completely clearing the floor except where the water was more 
than 2 or 3 inches deep, or when it was so badly discolored as to con- 
ceal the larvae. Sparrows also were seen frequently on this floor, 
but one could never get close enough to see whether they actually 
devoured any larvae or not. It is more than likely that they did. 
The actual number of larvae which were destroyed by the maggot 
trap was undoubtedly much greater than 112,000. 

After October 1st all the manure on this platform was examined 
for puparia. The manure wag thrown off, a few bushels at a time. 
and very carefully examined, al! straw being shaken out and all solid 
parts being broken up. <A few scattered puparia were seen in various 
parts of the heap, but in only two spots were they to be found in the 
characteristic cluster or ‘‘nests’’, which can be found so readily at 
the edges of manure piles on the ground. These two nests were 
found at the end of the pile where the most recent addition had been 
made. The manure at this end had not been sprinkled with water 
after: the day it was put on. Failure to keep this moist as long as 
larvae were present is the probable explanation of the pupation in this 
part. One nest contained about 400, and the second about 700 
puparia. Allowing for some that may have escaped notice, the num- 
ber of puparia may be given in round numbers as 1,500. No larvae 
whatever were found in any part of this heap, the oldest part of 
which had been on the platform for two months, and even the fresh- 
est portion of which had been standing for at least 10 days before it 
was examined. If, then, 1,500 represents the total number which 
pupated in the manure and 112,000 the number which were destroyed 
by drowning, it shows a percentage destruction of about 98.5 per 
cent of the possible total. This is illustrated in Fig. 6. Taking into 
account the larvae devoured by turkeys, ete., it is probable that the 
effectiveness of the trap could be rated as above 99 per cent. 

The claim has been made that manure will be practically free from 
maggots after standing 10 or 12 days.* Special attention was given 
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‘| LARVAE DESTROYED BY THE MAGGOT 7RAP 





VERe2) 





NUMBER WHICH PUFPATED IN THE MANURE 
/5SOO 


LAR ABAE 


AVERAGE OF 10 COUNTS AT KITCHEN BEFORE AUGUST /O 
E13/ 


AVERAGE OF 10 COUNTS AT HITCHEN AFTER AUGUST /2. 


AVERAGE OF 9 COUNTS AT STABLE BEFORE AUGUST /2. 


AVERAGE OF 9 CONTS AT STABLE AFTER AUGUST_10., 


ADULTS 





Eig. 6:—(Atter Hutchison, Us. Da Ay bul. 200)- 


to this point during the course of the experiment, and all observations 
tended to support the claim. Moreover, there was no evidence that 
larvae ever migrated from the fresher portions of the manure to the 
older parts to pupate. That old manure does not serve as a breeding 
place for flies is a point that deserves some emphasis entirely aside 
from its bearing on the practical use of the maggot trap. The ex- 
planation is probably to be found in the changes which take place 
in the manure heap during storage. As the pile stands it settles 
considerably, with a consequent decrease of air spaces, and, espec- 
ially if watered, air does not penetrate far below the surface. Dehe- 
rain and Dupont® have shown that in manure well heaped so that air 
cannot penetrate readily, the confined gases consist largely of carbon 
dioxide and methane, and that oxygen is not found except near the 
surface. It may well be that the lack of oxygen and the abundance 
of carbon dioxide render old manure unfavorable for the breeding of 
flies. It may also be that the composition of the gases in the manure 
is one of the factors which influence migration and the choice of a 
place for pupation. 


EFFECT ON THE FLY PREVALENCE AT THE STABLE AND KiTcrrEeN 
IN 1914. 


The influence of the maggot trap on the number of flies at the 
stable and the kitchen is shown by the fly counts represented graphi- 
cally by Fig. 7. In taking the counts, ‘‘tanglefoot’’ sticky fly paper 
was used. The papers were exposed for 24-hour intervals and counted 
immediately at the end of that period. Fig. 7 is a graphic represen- 
tation of these series of counts at the stable and kitchen. In each 
case the number given is the total caught on two papers exposed in 
the same way on top of the garbage pails, and at the stable. Where 
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Big. 7.—Diagram showing number of flies caught in 1914 during the oper- 
ation of the maggot traps. The broken line connects series of fly counts at 
the garbage pails near kitchen; the solid line those at the stable. (After 
Hutchison, U. S. D. A. Bull. 200). 


one paper was put on the floor just outside the door and the second 
Just inside the door, which faces the east. On several occasions papers 
were exposed, but the counts are not given in the diagram for the 
reason that a shower of rain or a strong wind spoiled some of the 
papers. The numbers which are plotted are those obtained on clear, 
warm days, on which the climatological conditions were nearly the 
same except for the direction of the wind. This will account for the 
irregular time intervals between the successive counts. 


A study of the fly counts shown in Fig. 7 reveals that there was a 
decided drop in the number of flies both at the kitchen and stable 
very shortly after the maggot trap was put into operation. Assum- 
ing that all the flies at the stable and kitchen at the time the experi- 
ment began (July 25th) were freshly emerged and that they would all 
die off within three weeks (there is some evidence that flies seldom live 
longer than this in midsummer), one would expect to find a reduc- 
tion in the number of flies about August 10 or 12. Although the 
counts fluctuate considerably after this date, in no ease do the high- 
est counts rise to the level of the lowest counts made before August 
10th. 

In one respect these counts hardly give a fair indication of the 
effect of the maggot trap, for the reason that the college kitchen was 
closed from August 7th to September 7th. It will be seen that flies 
almost completely disappeared from the kitchen during the latter 
part of August, but as soon as the garbage pails were again in use 
the fly counts go up fairly high, although not as high as the lowest 
count at this place before the experiment started. It is interesting 
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to note that while the kitchen was closed the fly counts at the stable 
were somewhat increased and that after the kitchen reopened the flies 
almost disappeared from the stable. Taking the counts at the 
kitchen, we find that the average of the 10 counts before August 10th 
is 2,131, while the average of the 10 counts after August 10th is 692, 
an average reduction of 67.5 per cent. At the stable the average of 9 
counts before August 10th is 1,038, and the average of 12 counts after 
August 10th is 248, an average reduction of 76 per cent. (Pig2oe 

This low percentage as compared with the almost total destruction 
of maggots may be accounted for by the presence of other breeding 
places which will be considered under another heading. 

A few flight experiments with marked flies were carried out dur- 
ing the season, not with the idea of determining the range of flight, 
but merely to make sure whether or not flies from these various 
breeding places found their way to the college stable or kitchen. 

First, about 600 recently emerged flies were thoroughly dusted with 
finely powdered red crayon and liberated on August 31 at a point 
near the stable indicated by the letter B (Fig. 3). The point of 
liberation was about 400 yards west of the college stable and perhaps 
00 yards from the kitchen. In spite of the presence of several 
houses and stables in the immediate vicinity, some of these marked 
flies found their way to the college barn. Here two of this lot were 
recovered within the first 24 hours, and a third one during the third 
24-hour period. That no flies were recovered at the kitchen is to be 
explained by the fact that the kitchen was closed and there was noth- 
ing there to attract flies. . 

A second lot of about 500 flies, sprayed with rosolic acid, were 
liberated at the dairy barn (A) of the experiment station, 700 yards 
due east from the college stable. The distance from the kitchen is 
slightly less. They were liberated at 3.30 P. M., September Ist. On 
September 3rd two marked flies were found on papers exposed at the 
dairy barn, but none was recovered at the college stable or kitehen. 
A strong southwest wind was blowing at this time and may have had 
some influence on the result. It is hardly to be doubted that when 
the kitchen is in use numbers of flies from this source are attracted 
to it. The manure pile back of the dairy barn was found to be 
heavily infested at all times during the summer, and flies bred out 
here bz the thousands. 

In a third experiment about 800 flies marked with powdered red 
crayon were liberated on September 15 at the stable marked by the 
letter C (Fig. 3). Within the first 24 hours, 11 marked flies were 
recovered on fly papers at the garbage pails at the kitchen, and two 
more during the second 24-hour period after liberation. No marked 
flies were recovered at the college stable in this experiment. The 
kitchen was in use at this time, and it must be considered significant 
that the flies were recovered only at the kitchen, although they had 
to pass right by the stable. 
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The same thing happened on September 22. A lot of about 600 
flies sprayed with rosolic acid had been liberated on September 21 


near the stable marked on the map by the letter D (Fig. 3). None 


of these were recovered at the college stable, but three were found 
within the first 24 hours on papers exposed on the garbage pails. 

These few experiments indicate that a large number of the flies 
which congregate at the college kitchen and stable come from near- 
by breeding grounds other than the manure pile at the college barn. 
And it may be said that a reduction of from 67 to 76 per cent in the 
average number of flies, in spite of the proximity of these other breed- 
ing places, speaks well for the efficiency of the maggot trap. 

The behavior of the horses standing in the stalls was also a fairly 
good index of fly prevalence in the stable. The horses were constant- 
ly tormented during June and July. During the day the stamping 
of feet and switching of tails was incessant. After the maggot trap 
had been in operation for some time there was a noticeable change. 
The horses stood much more quietly, and their efforts to get rid of 
flies were less continuous. 

PART II. 


MOopIFICATION OF THE TRAPS IN 1915. 


During the summer of 1915 two traps were constructed at the ex- 
permnent station to care for all the manure collected from the horse, 
cattle and pig barns. These traps were modified slightly as the ex- 
periences of the previous season with the original trap dictated. 
Further modifications that increase the efficiency of the trap will be 
indicated later. 

The two traps were of the same dimensions as the first with a cistern 
located between them, (Fig. 8) in order that both traps could be 
drained into it. The traps were placed 10 feet apart so that a 
wagon could be loaded from either side. 
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Fig. 8.—Cross-section of an arrangement suggested for use where manure pro- 





duction is large. Slatted sides should be used. a, pump;.c, concrete tloor and 
walls of cistern; 0, outlet pipes leading from floor of maggot trap to cistern; 
p, platform maggot trap; t, cistern for liquid manure; g, ground level. (After 
Hutchison, U. S. D. A. Bull. 200). 
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Slatted sides 3 ft. high were built around 3 sides of each trap. 
These sides helped to hold the manure on the platform. Each trap- 
was sufficient in size to retain the manure from an average of 14 
horses, 28 cows (in the barn about 3 hours daily) approximately 20: 
pigs and 4 bulls for a period of two weeks. 


PLAN OF THE 1915 EXPERIMENT. 


The work of 1915 included the trapping of maggots at the college 
barn trap and at the two traps at the Experiment Station; the esti- 
mating of the number of maggots caught at each; the examination 
of the manure at the time of removal for puparia and the catching 
of, flies at the college kitchen, the college barn and the experiment 
station to ascertain the relative reduction in the adult flies. The 
method used in estimating the number of larvae was to weigh a. 
representative sample of the maggots caught after removing as 
much debris as possible; counting the maggots in the sample; weigh- 
ing the total catch and calculating the total number of maggots. The 
same procedure was adopted in estimating the puparia. In 1916 
the same method was used in estimating the fly catch. 


Tue PERCENTAGE OF Maccots DESTROYED IN 1915. 


Due to labor shortage, the station traps were not ready for use 
until Aug. 16th. On this date trap A was started. On Aug. 30th 
trap B was started when trap A was loaded to capacity and operat- 
ing to catch the late migrating larvae. Meanwhile trap C at the ecol-- 
lege barn was in full operation, having been started on June 6th. 
Manure was piled on trap A for two weeks, and allowed to remain 
for two weeks longer. Meanwhile trap B was started two weeks 
after trap A, as that was the time required to fill a trap to capacity. 
At the end of the fourth week trap A was cleared and started anew. 
At the end of the sixth week trap B was cleaned, alternating thus 
throughout the season. 

Table I shows the number of larvae caught and destroyed, the 
number of puparia found when each trap was cleaned, including 
the number of larvae remaining, (considered as potential puparia) 
and the percentage of larvae destroyed. 

Reference to the counts which were made at approximately weekly 
intervals shows that the highest catches were made in almost all 
cases, at the end of the week following the cleaning of the trap and 
the renewal of its operation. This is not true for the trap C which 
was cleaned at greater intervals because the amount of manure on 
the trap at the end of a week following cleaning was not sufficiently 
large to warrant removal. The highest catch for one week, 125,000, 
is found in the records of trap A for the week ending September 21st. 

The total catch for trap A for the period from August 10th to 
November 10th was 584,000; 102,800 >uparia were estimated with a 
resultant mortality or effectiveness in reducing the number of larvae 
of 84.2%. The total catch of trap B for the period from August 30th - 
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to November 27th was 391,700; the total puparia remaining in the 
manure was 47,800, giving an effectiveness of 89.1%. Trap C oper- 
ated over a longer period caught 242,620 maggots; 3,900 puparia 
were found at the cleaning times giving an effectiveness of 98.6%. 


_'The apparent greater effectiveness of this trap may be due to the fact 


that the trap was cleaned at longer intervals, thus allowing for the 
emergence of many of the flies from larvae that might have suc- 
ceeded in pupating. On the other hand the average catches per day 
for traps A, B and C which were 6,952.4, 4,502.2 and 1,956.6, respect- 
tively, show relatively great efficiency for trap C when the amount of 
manure on each trap is considered. Nearly 5 times as many horses 
were stabled where A and B traps were in operation as where C was 
operated. The total maggots caught was 1,372,820; 154,700 puparia 
remained, giving a season’s effectiveness in terms of maggot mor- 
tality for three traps of 89.8%. 


TABLE 1: 


Recorp oF Traps In 1915. 














TRAP A TRAP B TRAP C 
| 


Started | Started : Started 
8/16/15 Larvae Puparia | 8/30/15 Larvae Puparia | 6/6/15 #Larvae Puparia 














8/24 100,500 9/7 108,000 6/24 6,500 
8/31 97,500 9/14 105,000 6/24 2,770 
9/7 8,000 9/21 4,000 1/3 20,000 
ail (c) 2,000 80,000 9/25 (ec) 2,000 31,000 7/10 14,500 
9/21 125,000 10/5 76,000 7/11 25,500 
9/28 106,000 10/12 59,000 1/24 6,700 
10/3 57,000 10/23 8,000 4 7/31 20,000 
10/9 (ec) 12,000 70,300 10/26 (c) 500 16,600 (b) 8/7 14,500 
OLS 49,000 11/2 10,000 8/10 CG) 300 2,600 
10/26 21,000 11/10 16,500 8/14 200 
11/2 4,000 11/16 cane Base eta 
/ 2,000 2,500 (a)| 11/23 1, /28 22, 
aes ae : ee ni Pat (ey, 200 200 | 9/4 15,000 
9/11 15,000 
9/18 7,000 
9/25 17,500 
10/2 12,750 
10/9 9,000 
10/10 (ce) 1,300 
10/16 300 
10/23 6,000 
10/30 (c) 400 
| | 
Total...... 548,000 102,800 Total...... 391,700 47,800 otal: 242,410 3,900 
Mortality 84.2% Mortality 89.1% Mortality 98.5% 





a—2,000 larvae, remaining included in this total. 
b—4.000 larvae, remaining included in this total. 
c—Cleaned. 
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Errect ON THE Fuy PREVALENCE AT THE STABLE, KITCHEN AND 
EXPERIMENT STATION IN 1910. 


Tanglefoot fly papers were exposed at the stable, kitehen and dairy 
barns to ascertain the relation between the destruction of maggots » 
and the prevalence of flies. These records were carefully kept even 
though the traps at the Experiment Station were not put mto opera- 
tion until after the middle of August, thereby making it practically 
impossible to judge the reduction in flies. However, it was thought 
that some ideas as to the factors governing fly prevalence might be 
deduced. Tanglefoot papers proved a failure and were discontinued 
in the 1916 tests. 

The records printed as Table I] show that there are undoubtedly 
distinct periods when fly prevalence is always at its greatest. These 
periods, near the last of July, August and September and to a less 
degree the last of June, mark the greatest incidence of tne several 
kroods. Undoubtedly the gencrations overlap considerably and 
spring weather conditions in a large measure determine the degree 
of overlapping. Cold wet springs, retard the gradual development 
and give rise to abundant breeding when warm settled weather finally 
comes. In such a season the broods will be more distinctly marked 
than when the reverse weather conditions have prevailed. May, 1915, 
was on the whole cool and cloudy with the precipitation slightly 
above the average. The records reflect this condition. The emer- 
eence of the several broods also influences the counts so that this 
method of determining fly prevalence is faulty. The counts do not 
vive either positively or negatively constant results. 
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ABLE: 


Effect of Maggot Trap on the Prevalence of M. domestica in 1915. 
ees fo NS a ee 









































| 
| RS CREE STABLE DAIRY 
Date | | 
| Total M. domestica Total M. domestica | Total M. domestica 
| Flies 
a | 
5/19/15 10 1 1 49 om 24 | 5 
5/22/15 31 11 bo 42 | 
5/28/15 41 27 46 36 | 
ret / 15 VAR 3 43 18 mel 8 
GY 15 123 30 16 ate 62 ie 
Bie G/L 5 16 7 22 12 | Le 6 
Of 8/15 4 1 104 65 | 
6/11/15 53 12 119 oo i || 9 
6/19/15 i ee OR a 29 19 14 
6/24/15 D4 24 68 29 
6/26/15 123 7 143 102 ete 69 
0/29/15 L73 6% 587 482 66 | 45 
he 8/15 90 | 65 435 || PA Es 198 nS 
Pe 6715 Lie pear 97 87 350 331 
WLO715. — | 196 167 106 102 Zou, | 246 
tres /15 204 92 492 485 | 69 | 67 
fea? Lb 52 129 308 279 | 189 | 134 
7/20/15 590 574 AEs ¥5y5) 1,320 T5A0 726 
7/24/15 574 R42, 667 657 | RLF 807 
iyo / 15: || 285 R66 389 367 «| Soa | 290 
Sete Ls: | 649 | 620 287 Pee at ! 
Re ot 15 41 35 346 S392) 333 al 
8/10/15 334 | as | atid 6 wl S48 
8/13/15 692 650 | 
8/14/15 7(a! R38 223 | ot Bee 645 | 613 
8/17/15 90 55 205 (Ate | T47 703 
8/21/15 AR 29 190 170 2% 116 
8/24/15 BR 93 261 242 412 398 
8/28/15 15 8 190 aie 42 | 14 
8/31/15 76 AQ 136 83 1.547 | 1,472 
9/ 4/15 41 29 212 170 947 | 901 
9/ 7/15 17 5 138 138 260 239 
9/11/15 al I ded L138 110 gn | f(a 
9/14/15 19 fal ANS 33 146 176 170 
9/18/15 R75 ena 295 262 464 418 
721/15 | 695 CHQ 658 635 468 447 
9/25/15 670 643 354 255 412 374 
9/28/15 107 G8 207 166 1,355 1,189 
10/ 2/15 | 425 | 223 282 65 197 | 662 
1O/ 5/IK | one | 214 224 118 33h | 2KR 
10/ 9/15 ey Ei 9 2 Gi b3 
EOI? /15 99, Wet 153 4] TR4 T22 
LOSE 715 30 | Dal 47 Hal! 19 7 
1N/19/15 | 23h | 204 174 31 A fg | 675 
10/92/45 1 | ee 97 325) ahs 228 
19/98/15 148 100 369 102 o26. 1] 5A4 
10/730/15 42 29 | 36 nif ion a1 
ia) Anaya oe 88 | 29 55 eee 269 | 199 
Tie a /15 5 0 2 ae 41 1% 
ATO SIA | 104 46 101 5 158 66 
ALE STS | 0 0 0 | 0 0 0 
otals. «2... 8.758 7,369 11,521 9,150 16,376 : u Be Br fa We) 
| | 





PERCENTAGE OF Maccots DrEsTrrovep IN 1916. 


Trap A was started June 22nd. Trap B was started June 15th. 
Trap © developed cracks in the conerete floor which were no sooner, 
apparently made water-tight, than other leaks were discovered so 


120 THE MARYLAND STATE AGRICULTURAL EXPERIMENT STATION 
that it was in use only at irregular intervals. Therefore the records 
from trap C are not herein considered. 

The catches of maggots in each of these two traps were astound- 
ing, running as high as 801,995 per week, (August 3rd in trap A). 
Contrary to the experience of the previous year, the greatest mor- 
tality did not follow immediately after cleaning but the records show 
a gradual increase and subsidence in the catches as would be ex- 
pected. 

Trap A caught 5,516,684 maggots; 52,000 puparia were found in 
the manure at cleaning times, giving a mortality record of 99.06%. 
Trap B caught 4,147,596 maggots; 20,542 puparia remained at clean- 
ing times giving a martality of 99.2%. The total maggots captured 
during the summer was 9,664,280. Only 72,542 puparia remained 
in the manure. This gives a mortality percentage of 99.2%. 


AW :F econ AL 








ARABI NIE YN. TRAP B 


Started | Started | 
6/22/16 Larvae Puparia | 6/15/16 Larvae Puparia | 








7/6 754,500 6/22 (b) 

a /le Wks ao: 6/29 353,400 

7/20 (ec) 2,000 PRS AUT oi) arabs ce) 91,000 1,000 

1/20 370,912 Pe U/LS 122,880 

8/3 801,995 7/24 779,035 

8/7 548,555 To 166,963 

8/14 671,385 8/3 (c)677,343 15,000 

8/17 (ce) 3,000 12,000 8/7 il: Pa dye 

8/21 20,500 8/14 671,385 

8/28 626,010 8/21 81,478 

9/6 699,832 8/28 137,500 

9/11 45,320 8/31 (ec) 91,000) 715,900 

9/14 (ce) 25,500 9/5 3,000 

9/18 588,500 9/11 101,790 

9/29 12,000 9/18 588,500 
10/2 +286,000 10/2 180,000 
10/9 21,000 10/9 90,200 

10/12 12,142 

“Totale. a wo Go O54 52,000 | Total cn 404735910 30,542 
Mortality 99.06% Mortality 99.2% 


c—Cleaned. 

b—Maggot count lost as excessive rains prevented cleaning of basin and pumping 
out of cistern. Cleaned June 22nd. 

Trap C not operated continuously. 


EFFECT ON FLY PREVALENCE AT THE STABLE, KITCHEN AND 
EXPERIMENT STATION IN 1916. 


‘*Perfect’’ fly traps (Fig. 9, baited with soft banana) were substi- 
tuted for Tanglefoot paper in taking the records for this year. These 
proved to be much better than the fly paper but the method is still 
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Fig. 9.—‘Perfect’” fly trap, with a day’s catch of flies inside. 


faulty because there are so many factors not governable, that are 
sources of error, the results cannot be interpreted properly. The 
graph, Fig. 10, shows the relation of the fly prevalence here to that at 
the Government Experiment Station at Bethesda where no maggot 
traps were in use. 

There is a marked decrease in the fly count at the archer after an 
interval of approximately three weeks from the date on which the 
last station maggot trap was put in operation and a subsequent de- 
crease and flattening of the curve. 

The count at the Experiment Station was low almost throughout 
the season, the only high point being reached by the late July brood 
but in no case did the highest point in the counts after the operation 
of the maggot traps, reach the highest level of the counts at Bethes- 
da. The conditions with respect to fly breeding at Bethesda and the 
Experiment Station were approximately equal except for the opera- 
tion of the maggot traps at the latter place. Late July and August 
and mid-September broods are shown in the graph. 

The fly counts at the college barn were extremely low throughout 
the season. As the maggot trap there was not in operation except at 
intervals, the low records cannot be attributed to the effect of the 
maggot trap. The only high point at the College barn was reached 
by the late September brood which coincides with the high point in 
September at Bethesda. 
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Fig. 10.—Graph illustrating the relation between normal fly counts where no trap 
was in operation and the counts as affected by the operation of maggot traps, 1916.. 
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Although there is a general decrease in fly prevalence shown by 
the figures, the decrease is not in proportion to the rate at which mag-- 
gots were destroyed. The fact may be accounted for in part by the 
presence of additional breeding places as shown in the first part of 
this bulletin and by the inherent faults in the method of obtaining: 
the records. 


THE SEASONAL PREVALENCE OF SEVERAL SPECIES. 


It may be of interest to show in tabular form the count by species. 
as obtained from the traps during the 1916 season. The preponder- 
ance of flies is with the species Musca domestica. 

The few Stomoxys calcitrans can be explained by the character of 
bait used; this species seems equal in numbers during late August and 
September in the dairy and barns to WM. domestica, though in the ab- 
sence of figures, this may be more apparent than real. 

Muscina stabulans was quite constant and numerous; Lucilia sp., 
Calliphort sp., and Phormia regina were evidently attracted by the 
odor of the dead flies. It is interesting to note the capture of 17 Chry- 
somia macellaria at the garbage cans. This fly has not heretofore 
been recorded in the State collection. 
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Mie te Ab ake maggot traps at the Experiment Station. Cross (x) and white line 
indicate where the traps have since been cut into two parts. Trap on the left loaded 
and will lie idle for two weeks while trap on the right is being loaded. 





Fig. 12.—Trap prepared for loading. 
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MODIFICATION OF THE TRAP IN 1917. 


Considerable difficulty was encountered in cleaning the basin of 
the traps thoroughly and quickly. To obviate this defect the traps 
were sawed into two sections, reinforced as necessary and provided 
with the extra legs. This gives two sections to each trap 10 ft. x 10 ft. 
which can be lifted off the basin at cleaning time by two men. The 
addition of a short section of 14 in. iron pipe to the end of the hose 
facilitated the wetting of the manure with the water from the cis- 
tern. To further facilitate wetting the manure, water under pressure 
was piped to the traps in 1917. Fig 11 shows the two traps in opera- 
tion, with a man watering the manure. It was found necessary, in 
order to prevent small particles from falling through the slats, to 
place straw on the platform before the manure was loaded on the 
trap. Fig. 12 shows one trap prepared in this way. 
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SUMMARY. 


The migratory habit prior to pupation can be utilized in trapping 
maggots in manure. 


The average percentage of maggot destruction is 95.8% for the sea- 
sons 1914, 1915 and 1916. 


The reduction in fly prevalence amounted to 76% in 1914. The 
reduction in 1915 and 1916 are not so marked. The presence of ad- 
ditional fly breeding sources and the difficulty of obtaining accurate 
results on fly reduction may account for this apparent discrepancy. 
Modifications of the traps as dictated by experience have evolved a 
trap that is practical for the farm producing large quantities of ma- 
nure daily. 


The close packing of manure, the watering of the pile and the re- 
turn of leached materials to the manure tends to conserve the fer- 
tilizing value of the manure. 


The labor involved is only slightly greater than that required to- 
dump the manure in a pile. The difference is in the time required 
to water the pile daily and to clean the basin once every two or four 
weeks, depending upon whether one or two traps are constructed. 


The saving in fertilizer and the destruction of a large percentage of 
the flies particularly on isolated farms will more than repay the cost 
of construction and operation. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 
OF DISEASES HYGIENE AND SANITATION, 
Lecture 1¢, A SYNOPSIS OF THE COOTIE PROBLEM, 


Sept. 18, 1918, W. D. Pierce. 


Since the presentation of lectures 3,4,5 and 6 on the louse or cootie 
problem there has been a great amount of experimentation and furthermore some very 
important publications have been tissued on the subject. D5. Nuttall has completed 
his comprehensive series of publications on the habits and control of the lice. In 
Parasitology, volume 9, No. 4, he gives some biological studies of Pedtculus, in 
volume 10, No. 1 he Presents a comprehensive bibliography, covers the disease trans= 
mission and summarize all that has been done on the biology of Pediculus. In No. 

& he discusses Phthirus pubis in more detail than it has ever been treated, In 
No. 4 he Presents a very comprehensive summary of control measures, 


Professor William Moore of Minnesota has added much within the year to the 
Problem. In the Journal of Laboratory and Chemical Medicine, volume 3, No. §, 1918 
he summarizes many experiments with sachets, louse Powders, impregnation of under. 
wear, and fumigation. In the Journal of American Medical Association, vol. 71, No, 
T7918, he summarizes his experiments in the impregnation of underwear. He has 
likewise submitted reports on the laundry processes, which have been suvplemented 
and verified by Lieutenant Moscowitz and the writer, Mr. R.H,Hutchison has accu. 
mulated a great deal of valuable information soon to be reported, 


The complete report of the British Committse on trench fever has appeared 
in the same Journal, volume 71, Pp. £1-26,110-123, 188-193, The last mentioned 
Pages cites the proofs of louse transmission, 


We are now nearing the season of the year when the louse problem will again 
become critical in Europe and unless great caution is observed, in some parts of 


America, It is therefore due the members of the class that they be presénted with 
~& concise synopsis of the problem as it now stands, This is reduced to the simpl- 


oy 


est terms possible and only includes under control measures those which appear most 
practicable, 


Species of human lice, 
1. Head louse - Pediculus humanus hvmanus (capitis). 
&. Body or clothing louse = Cootie * Pedmculus humanus corporis (vestimenti). 
3+ Pubic or crab lofise - Phthirus vubis (inguinalis) 
hy we fear the lice (See Parasitology X, No. 1), 
Diseases are Caused by bitesoof lice, called pediculosis and vhthiriasis, 


Skin diseases designated as 


a. Urticaria, 





ate An 3 
yiMtbidg sie 


j 
‘ 


rae \eatie aT 


4 


ee cua 


iki ro 
Lity) 


4 
AR 


ait 
qt 


is 









at 


ute 





-236 ~ 
b. Morbus errorum or vagabond's disease, 
Cc. Melanodermia (skin pigmentation), 
d, Prurigo gsenilis,. 
e. Eczema, | 
f. Porrigo 


g. Pustular dermatitis. 


Diseases are carried by lice, 


ae 


Re 


35 


Se 


Typhus fever caused by Bacillus typhi-exanthematici Plotz 
was proven transmissible by lice by Nicolle, Comte, and Conseil 
in 1909 and many proofs have since been added, 


Trench fever, caused by an unknown organism (possibly the Spiro- 
chaeta gallica Convy and Dujarric de la Riviere), was proven 
transmissible by lice by Davies and Weldon in (1917) and the 
definite manner of the transmission was first proven by the Brit.. 
ish Committee headed by W. Byam in 1918 and almost immediately 
verified by the American Red Cross Committee, 


Relapsing fevers. 


Ae The Asiatic form caused by Spiroschaudinnia carteri Mack- 
ie was proven transmissible by lice by Mackie in 1907, 


b. The Notth African form caused by #piroschaudinnia berbera 
Sergent and Foley was proven transmissible by lice by 
Sergent and Foley in (1908). 


c, The Duropean form caused by Spiroschaudinnia recurrentis 
Lebert was proven transmissible by rat live by Manteu- 
fel (1907) and since then various writers have shown 
that human live can carry it. 


d. The tropical African form caused by Snpiroschaudinnia dut.- 


toni Novy and Knapp was shown to be oceasionally trans- 
mitted from rat to rat by rat lice by Neumann (1909) 





e. Manchurian relapsing fever was claimed by Toyada (1917) 
to be transmitted by lise, 


Volhynian fever or five day fever, said by Da Rocha Lima to be 
caused by Rickettsia pediculi, Da Rocha Lima was shown by Tép- 
fer (1916) and Jungmann and Kuczynski (1917) to be transmitted 
by lice, 


Plague caused by Bacilitus pestis has been experimentally trans- 


. mitted by inoculation of crushed infected lice by Swellengrebel 


and Dtter (1924) and De Rasdd (1916). 
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h 
Typhoid fever caused by Bacillus typvhosus Eberth was recov- 
ered by Abe (1907) from live fed on typhoid patients. 


Leprosy caused by Bacillus lenrae Hanoon was recovered by 
Me Coy and Clegg (1912) from lice collected on lepers. 


Cerebrospinal meningitis caused by Diplococcus intracelluja- 
ris mening: tidis Weichselbaun was recovered from lice collect. 
ed on pwtients by Pizzini (1917) and an epidemic was believed 
by him to have been spread by lice. 


Phiyctenular conjunctivitis and keratitis ans believed to be 
spread by head lice by De Font Reaulz (1912) and Hudson (1914) 


Impetigo contagiosa was proven transmissible by head ice py 
Dewevgre (1892). 


Tropical impetigo caused by Diplotocens nemolici sonte 
Manson is claimed by MacGregor (1917} to be transmitted by 
lice, but his authority is not cited, 


Favus caused by Achorion schoenieini Lebert is claimed by 
Aubert (1879) to be spread by lice, 


Pityriasis caused by Malassezia spp. is claimed by Aubert * 
(1879) to be spread by lice, 


How licé cause or carry disease, 


1. 


van 


They cause disease by their irritating bites. 


They carry diseases by sucking up disease organisms from the 
blood of men and pacsing these organisms through their bodies 
and out in their exéreta. These are inocuiated into the 
flesh by -- 


Qs Scratching into the skin the excreta, even when 
dried, 


b. Scratching into the skin fragments of the louse 
body containing disease germs. 


C. Biting of the louse through a film of excreta, 


How the lice live (See Barasitology X No. 1). 


Their habitats. 


1. 


The head louse lives on the human heed especially at the occi- 
put and sides of head, above and behind the ears among the 
hairs, and more rarely on other hairy pates of the body. 


The body louse lives on the human body, frequenting tne clathe- 
es principaily, but is rarely found in the hair, 


The pubic louse lives in the hairs of the pubic region. Less 
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frequently in the axillae and on the head, in the beard and 
on the eyelashes, 


Egg state = nits. 








1. Head lice deposit nits on the hairs of the head and body, rare. 
ly on ccoth and hats. 


Le Body lice deposi) nits on threads of clothing, especially in 
seams and under pockets, rarely on hairs of Sadvi 


oi Pubic lice deposit nits on pubic hairs, or hairs of other 
parts of body, rarely on clothing, 


The egg stage varies according to climate from 4 to 146 days, under 
normal conditions and up to 35 days in cold weather. 


Eggs are laid at the rate of 9 to 15 per day for 20 or 30 days wt 
with a possible total of at least 300, 


The most favorable temperature for the egg is 86°F. (30°C.). 
The high temperature of 140°F (60°C.) is general?y regarded as fae 


tal to all eggs, although a sufficientiy asone exposure at 112° 
F. is fatal. 


Nymphal State. 


There are three larval or mymphal stages. 


Developmental period, 


Development varies with climate but the entire cycle may be as short 
as 15 days. 


Length of life. 
The longest record of life is 46 days for an adult. 
The longest record of life without food is 10 days at 41°F. (50 C.). 


Sources of infection, 


Reservoirs of louse breeding in America. 


1. Lumber camps, especially in coal countries (Michigan, Wiscon- 
sin, @tc. 

Re Jails, poor houses, lodging houses, eté, 

3. | Mining communities- 

4. Construction camps. 


5s Negro communities, 
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6» Mexican and Indian populations, 
aie Ghettos, 
8. Tramps and Vagabonds. 


Reservoirs of louse breeding in Kuvrope and other parts of world. 


1. Trenches, and Army concentration points} 

as Refugees and prisoner concentration zones. 

3. Jewish concentration zones of Eastern Europe, 

4. Crowded communities of poor people, 

5.6 Mohammedans, and other religious sects opposed to killing ine 
sects. 

6s Ignorant degraded people everywhere. 


Control Measures ~ (properly called lousing, not delousing) (See Parasitology X, No, 
ge 


tn ee i nr rere ee ee eee 


1. Press statements. 

a Moving pictures, 

3. Bulletins. 

4, Lectures. 

Se Personal demonstrations. 


Personal prophylaxis where possible. 


1. Daily or weekly bath according to convenience. 
Re Daily personal inspection of clothing, especially along seams, 
3. Weekly official inspection. 


Control of the tice on the body. 


1. Head louse, 
Ae Daily combing, brushing and periodic washing. 
Ds Clipping of hair. It is well to keep childrens hair 
short. 
Ce Wash head with equal parts kerosene and acetic acid * 


one half hour, keeping head covered with towel. Use 
comb with fine teeth. 
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b. 


ie 


Wash head with warm water and soap containing kero- 
sene. (Nuttall). 


Have patient lie down with head over edge of bed ab- 
ove a basin resting on a chair, wash head and hair in 
2 1/2 % solution of carboiic acid for 10 minutes, 
wring out moderately wrap head in a towel for 1 hour. 
Then wash the hair and morely let the carbolic dry, 
To remove the nits apply 25% acetic acid and use fine 
comb. 

Hair oil or pomade as used in certain classes and 
races is efficient. 


Anoint head with a mixture of equal parts of kerosene 
and olive 012, wrap the head in a towel and sleep in 
it. Apply vinegar and remove nits with fine comb, 
then wash out with warm water and soap. This may be 
repeated for 2.or 3 nights if necessary. 


Bathing facilities available 


Thorough bathing in warm water with liberal use of 
S02 DP. 


Where many men are being bathed it may be feasible to 
spray them preceding bath with: 


Le Gasoline 


ae Liquid kerosene or gasoline soap emulsion made 
as follows; 


Boil one part saap chips in four parts 
water then add two parts kerosene oil or 
flour parts gagoline. This jellies when 
coid, and one part of this jelly added 
vo fou perts of warm water, makes a 
good liquid soap at very small cost. 


Soaps may be made up as follows: 


1. ay 4 carbolic acid and soft soap, equal parts. 
“pe 5 ~ Cresol and soft soap, equal parts, 
3. 2% Lysol and soft soap, equal parts. 


For wounded men after shower bath, soap down with a 
brush using an emulsion of petroleum 1 pt, soft soap 
& pts, lysol solutiau 1 pt. Afterwards apply 3 % cree 
sol ointment to the hairy parts, This is recommended 
by Adier=Sesramenk . 

~Hervimark 


Water in small quantities oniy available. 


~Le-mSponge~off "body using one of the above mentionedsoaps, 
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Ji meats 
““». Sponge with 2% crude carbolic acid solution. 


c. Anoint the body with an unguent. 
1. Ordinary grease, 


2. Vermi jelly (Maxwell-Lefroy) made up of; 
Texas fuel oil, gr. 0.66, 250 to 350°C.-30 Pt 


Crude vaseiine eo. 
soap soap Sees 
° + s . ie « Cee tae ieee 
Water in small quantities”’6nly“avarTabee. 
, a Sponge off body using above mentioned kerosene or gasou 
f line emulsion saap,. 


— 
No water available. 
A Dust insecticidal powders in clothing. 


a! 
ia es 


aa. N.O.b,in common use at front is made of 


naphthalene 96% 
Creosote ray 
iodoform . vel 


bb, Naph$halene alane is commonly used, but its con» 
tinuous use may injure the eyes. 


cc. The most effective powder is made of 


Creosote Teeny 
Sulphur m Lf er 
Tale 20" (Moore) 


dd. William Moore has listed numerous other effecte 
ive powders (Journ. Lab. Clin. Med. III No. 5). 


De Hang sachets next to body. 


aa. Nuttall and also Moorsereparted unfavorably for 
sachets in general because of their short ver- 
iod of effectiveness. 


bb. Following formula has given results and prevent~ 
ed breeding when placed on Spee of cloth where 
lice cangregate: 


Oil of lemon grass 300 cc. 
Oil of pennyroyal 300 GG. 
Oil of sucalyptus 300 cCr 
Powdered navhthalene 100 gr. 


Renew from time to time, 


cee The following substances exert repellent action 
on lice; oils of anise, claves, eucalyptus, navh- 
thalené, carbolic acid, 


Ce Wear cneesécloth suit impregnated with saturated 30- 
lution of sulphur in creosote oy outside underwear. 
(Noore’. 





d. 


3. Crab louse 
Ae 
be 


Co 
d. 
Ce 


Control of the lice on clothing, 


24 ee 


Impregnate underwear and other garments with vermicides. 


Aas 


Moore has tested many substances and finds that 
the cost of anplication is too high for the resu 
sults obtained and none are effective longer tha) 
a week. (Journ. Am. Med. Ass'n., vol. 71, Nos 7. 
In a subsequent report Moore and Hirschfelder 
show that there is more hope of success from 

A@cresol compounds than from any thing else). 
‘naphthalene and , 


Bathe using an insecticidal soap « 

The cutting or shaving of the pubic hairs is to be avoid- 
ed because of irritation when marching, 
Anoint with mercurial ointment (bive ointment). 

Anoint with yellow oxide of mercury ointment. 

Do not use N,C,I. or other powders in the pubic regions. 


1. Laundry control. 


As 


b. 


The ordinary camp laundry processes may be adapted to 
meet @11 requirements (Pierce and Moscowitz). Following 
process is satisfactory for cotton and woolen underwear 
and uniforms. 


dis 


ae 


36 


De 


fe) 
Wash for 20 minutes at 131°F. (56 C.) with a 
heavy suds, the machine must not be over half fuli. 


Rinse three times.for 3 minutes each in clear wae 
ter at 181 F. (5§ C.), using if desired an in- 


secticidal soap in the first rinse. 


Extract water in centrifugal extractor, 15 min- 
utes. 


Drycin drnyctumbler (temp. 150° to 2000 F,.) 15 
minutes. 


Mangle underwear. 


6. Press uniformse 


For cotton underwear the following common laundry wash 
formula is effective (Moore). 


1. 
Se 
4. 
5. 
6, 
Te 


Wash 5 min. at 100° F, 

Wash in geutral soap 15 min. at 180° F, 
Wash in nenirel soav 15 min. at 180° F. 
Washiin soda bath 195 min. at 1300 F. 
Rinse 5 min, at 130°F. 

Extracts 

Dry in tumbler 20 min. at 190° F. 


8. ° Mangie. 
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ec. For cotton khaki cloth (Moore) 


Tents otiin, at 100°F 

2, Wash in neutral soap at least 36 min. at 125°F. 
3. Rinse 5 min. at 125°%, 

4, Extract. 

5, Dzy in tumbler 20 mie at 180°r, 

Aeros 


2. Permanent delousing installations. 
a. Permanent laundries (see above). 
bs Mobise laundry units (same processes as permanent laundry 
but cutting out the mangling or ironing. 
Ce. Sanitary corps delousing units in the form of a building, 
ae lel trains, mobite tractor or horse drawn units, con- 
Sisting essentially of; 
1. Check room for materials not needing treatment, 
é. Undressing room. 
3. Sterilizer or delousing apparatus. 
4. Barber shope 
5. Toilets. 
6. Baths» 
7, Drying room. 
8. Towel and soap supply. 
9. Dressing room. 
30, Fressing rooms. 
11, Heating plant, 


d. Heat delousing apparatus (See Parasitology X, No. 4.) 
Vs 
1. Stagnant hot air has less effect than fresh hot 
airs. 
2e The essential temrerature for louse control is 
131°F. (55°C.) for 30 minutes, or 1400 F. (60°C. 
for 5 minutes. 
Se in order to control + 
Vises use of pure che x 
meiting point and xing witn some ian 
ane dye, oythuce is coloriess 
lted when takes-the color of the dye, 
This may be piraced in a small glass tube seal- 
ed at both ends and piaced where it can be seen 
from the outside. The following substances are 
suggested; 


100 C. ---Mallic acid, 
B20 Cy -eeCiucose, 
TEC. 
TOCUs wan S teric acid. 
Cy wenGumidin, 1,2,4,5, or paraio- 
donaline, 
60°C --: Margaric acid, or dinitroto» 
Regt ,- = 224% a \k f 
5556 "C,-sAmotoinoi. or dimethydtochino. 
34 Cy, -~=Benzyladine aniline, or myris- 
tic acid, 


~aollrea. 
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Garments must be hung loosely. 
Some device should be used to circulate the air 
in order to insure the necessary heat for the 
necessary time. 
A traveling hanger in a tubular oven might be of 
value in assuring removal of garments in TOG Cae 
The heat chamber may be a; 
a. Portable box as a fireless cooker, etc. 
b. Room heated by steam pipes or hot air. 
C. Sod hut. 
d. Steel autoclave, 
e. improvised oven. 


The laundry dry tumbéer which attains very high 
heat must not be used on dry garments as it dis- 
integrates the fivres of woolens and causes°shrini. 
age. (Moscowitz). 


e. Steam disinfection apparatus. 


l. 


Re 


3. 


Steam disinfection if carried out improperly is 
destructive to woolens (see Nuttall). 
Steam under pressure in autoclaves, vacuum cyl- 


inders or rooms. Staniford (Journ. Amer. Med, As- 
soc., vol. 71, No. 10. pp. 823-824) recommend the 
following proceedure; 

ae Woolen blankets or uniforms on hangers or 
loosely on traps in the sterilizer, 

b. Introduce 60 lbs. steam into outer jacket 
to prevent subsequent condensation within 
sterilizing chambers 

ec. Create 15 or 20 inch vacuum to facilitate 
penetration of the clothing by steam, 

d.. Sterilize with steam: 


1. No pounds (atmospheric pressure) for 
one hour, 
£2 12 pounds steam for 10 minutes. 

e. Produce 15 to 20 inch vacuum to facilitate 

rying. 

f. Open the door of the sterilizer about four 
inches for 10 minutes to allow gradual co 
cooling of the contents of the sterilizer. 

g. Steam under pressure will disintegrate 
woolens if the exposure is over 10 min- 
utes. 

h. The bacterial sterilization requires the 
preliminary vacuaun and loose packing 

is’ Nuttall (Parasitology vol. 10, No. 4) 
has long discussion. 


Live or current steam fumigation as used by Stare 
mers (Wm. Hunter in Brit. Med. Journ., Aug. 24, 
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Ae Railroad train. Steam generated by engine, Cars 
filled with steam through perforated tubes. Steam 
has exit through cracks about doors; reaches about 
105°C at about normal pressure. Clothing placed in 
bags or shelves may almost fill car. Sterilization 
lasts one hour. Shake clothes out immediately on 
removal. Hunter claims that a double van(railroad) 
in egypt and Serbia had a capacity of 500 kits with 
1000 blankets and 500 overcoats every two hours. 
This is the largest scope plan available outside of 
fumigation. 

b. Stammer's barrel disinfector (Serbian barrel) (See 
Hunter l.c.). Old wine barrel with five or six 
round holes in bottom, placed on circular boiler of 
cast iron or galvanized iron. Fill space between 
boiler and barrel with a narrow sausage ring, filled 
with sand, to prevent escape of steam except through 


barrel, Build fire in a pit beneath boiler. Place 
cross bars in bottom to keep clothesfrom holes, 


When the steam is escaping too hot for the hand the 
time required for delousing is oneHbour, Cover bare 
rel with heavy wooden lid. Each company while on 
campaign duty should be provided with two or more 
of these barrels. 

Ce Galvanized iron bin with water in bottom and a grid 


to keep clothes out of water, placed over fire. (See 
Hunter, l.c.). Angordinary garbage can as used in 
the army would do for a small quantity of garments. 
Same principle as the barrel, 


d. Exposure to live steam 20 minutes in any kind of cham. 
ber is sufficient. Care must be taken not to over- 
load, 

e. Laundry wash machines are available for steam dis- 
infection, 


f. Dry cleaning apparatus. 

1. In permanent and semipermanent institutions where practicae 
ble the Reclamation Service will clean all uniforms and over- 
coats turned back by dry cleaning processes rather than by 
laundryser steam sterilization. This process does away abe 
solutely with all danger of injury to the woolens which 
might result from carelessly letting temperatures run too 
high. 

“. “Soak clothes in gasoline 20 minutes in washing machine, 
Exposure of 10 minutes to gasolina kills nits, 

3. Press the suits and they are ready for revair or reissue 

4, The gasoline is almost entirely recovered for future use, 


ge Fumigation, : 
When fumigation chambers are available and the clothing is needed 
for immediate wear this is one of the quickest means of delousing. 
1.° The fumigarion chamber may be: 
as A room with cracks tightly sealed and vestibuled 

doors. A sign of warning should be posted and the 
door kept locked during fumigations, Only persons 
understanding fumigation should be permitted around 
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and they should wear gas masks. 


b, A chest or box is sufficient for carbon bisulphide 
or chlorpicrin. 
Ce A Hrfo\table unit, such as an automobile with an air 


tight chamber, and with hangers or shelves. Gas 
generator behind chaufferr's seat, 


a Vacuum chamber as in steam sterilization. The same 
cylinder may be made availabel for either steam or 
ZaASe 


2. The fumigation may be by: 

a. Formaldehyde in vacuum for 45 minutes using 12% for- 
maldehyde and water vapor. 

b. Cyanide in vacuum. 

1. For chests, trunks and tightly packed gafments 
25 inch vacuum, 30 minutes exvosure, 4 ounces 
sodium cyanide per 100 cubic feet (Lamson). 

Re For loosely hung clothes 20 inch vacuum, 30 
minutes exposure, 3 ounces cyanide per 100 
cubic feet (Lamson). 

ay The hydrocyanio acid gas (DANGEROUS) is gener-. 
ated in an air tight generator, which is con- 
nected by a pipe with the fumigation chamber 
by combining 2 1/2 parts of sodium cyanide so- 
lution (made by dissolving 4 lbs. of sodium 
cyanide, guaranteed to contain 51% cyanogen, 
in l*galion of water), 1 part of commercial 
sulphuric acid (184 sv. gr., or 66 Baume) 
and 1 part of water. 

Create: 25 inch vacuum. Generate gas 5 minutes 
in generator. Wash over intd fumigation cham- 
ber. Break vacaum so as to fumigate in nore 
mal atmosoheric pressufe 25 minutes. Remove 
gas by producing 25 inch vacuum. Return to 
normal pressure. Open door slightly and run 
vacuum pump a few minutes. Remove material. 
(Sasscer) (See Fed. Hort. Bd., Service and 
Reg. Announcement 21, Dec. 4, 1915) 

ONLY EXPERIENUED MEN CAN BE PERMITTED TO HAND* 
LE» 

c. Chilorpicrin in galvanized cans using 4 cc. to 1 cu. ft. 
for 30 minutes and applying a littie heat. DANGEROUS 
GAS. (Moore). 

d. Carbon bisulphide is an inflammable but efficient fue 
migant but too slow for most army purposes. Place 
garments in any kind of tight box and pour in the li- 
quidiat the rate of 1 1b. to 10CO cubic feet of space, 
Leave for 24 hours. 


3. Storage. 


Ae 


jee 


Storage of infested garments, dry at 54° 68°F, (12-20°C), for two 
or three weeks is effective. 

Bedding and clothing may be put away in naphthalene crystals or 
moth balls. 
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4. Impromptu delousing arrangements, 


a. Serbian barrels (as described above), kettles, any device for 
steaming garments (sve Parasitology, vol. 10, No. 4,) 
be. Heating boxes require 131°F. for 30 minutes. 
1. Fireless cookers with heated bricks. 
a 2e Electric heated boxes. 
3. Metal ovense 
4, Brick or clay ovens. 
Ce Boil clothes in water five minutes, 
d. Soak woolens in hot water at 131°C. ten minutes. 
ee + Soak clothes in insecticides. 
1. Immerse in petrol (gasoline) or benzine. bath. 
2. Wash with Maxweli-Lefroy's soap® 


Crude mineral oil sp. gran. 0,9 - 56 grams 
Soft soap 30 ss 
water 6 gramse 
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3. Wash for 15 minutes in 10 percent solution of on of the followir 
soaps; then wring out and dry: 


Naphtha soap 65 percent 
cresol on e 

be Naphtha soap : 65 : 
100 % crude carbolic azid 35 ‘ 

c. Naphtha soap 65 “fe 
Xyloi ata a 


d. <To obtain a ten percent solution dissolve 3 pounds ina 
bucket cf water. he odor will be retained a long time 
and keep lice away. 

4, Soak for 10 mimites in 2 percent solution of cresol, wring out 
and dry, A quart of cresol in 12 1/2 gallons of water is enough 
to kill the lice in the body linen of 62 men, each garment be~ 
ing wrung out to recover as much as possible of the linen, 


Brushing and beating and handpicking if done thoroughly and regu- 
larly is often effective. 
Hot ironing if done weil is effective, 


Control of lice in hats, shoes , accoutrements and furs. 


1. Treatment of hats. 


a, Felt hats can not be steamed unless the bands are removed 
The army renovation process of repairing hats will kill al: 
nits. 

b. Trench hats can be washed in the laundry in the same man- 
ner gasithe woolen uniforms. 

¢. Fumigation by cyanide as described for clothing. 

d. Sponge with 10 percent carbolic acid s@lutions 


2. Treatment of shoes and leather, 


a. Hot air at 140°F, for 15 minutes, or 131 F, for 30 minutes, 

b. Laundry in cresol bath according to process worked out by 
Shoe Repair Section of Conservation and Reclamations 

c/ Fumigation by cyandie as described for clothing. 

d, Treatment with trichlorethylene (Cc, H C1.) (boiling point 
PerC monet ole hs Bie (Pienle 40) 5 


3. Treatment of accoutrements. 
4. Fumigation by cyanide as described for clothing. 
b. Treatment with trichlorethyiene,. 


c. Fumigation with chiorpicrin in tight receptacle, 4 ce. to 
1 cu. ft. for 30 minutes, with a little heat, 


4. Treatment of furs. 


0 
a: Hot air at 140 F. for 15 minutes, or 131°F, for 30 minut- 
es, if packed looseiys 
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Control of lice in quatters, 


1. 
26 
3, 


4, 


Cleanse beds with gasolinn or kerosene, Permit no fires, 

Send bedding and linens to laundry, 

Fumigate mattresses and pillows in fumigation chamber with cy- 
anide as described for clothing. 

Fumigate entire builiding.—tightly close all openings in build- 
ing and geal up cracks with paper, unless the insects are in 
the double walls. Then geal cracks on outside, It may be néce - 
essary if building is too loosely constructed to increase dos- 
ages or make a tarpaulin to cover entira structure. Such measg- 
ures should oniy be taken incase the normal fumigation was un- 
successful, Any of the following methods is practicable.Ento. 
mologists prefer cyanide but many army officials prefer sul- 
JUT » 

- a. Sulphur(remove all metai) 

1. Clayton gas, generated by burgnng com 
mon roll brimstone in an oven or gener- 
ator outside of the building. A very 
high heat is generated. The gas is passe 
ed over two baffle plates before reach 


ing the outlet pipe which is cooled by 


water circulating in pipes around it in 
in an ordinary steam boiler tank. The 

gas then is passed into the building to be 
fumigated. This gas is a mixture of sul- 
phur dioxide and sulphur trioxide, As 

the gas is heavier than air there must be 
circulation through the roof of a build. 
ing or hatch of a ship until the gas be- 
gins to come out in quantity, 


2. Burn sulphur candles, being careful to is- 

m olate them by sufficient métal from all 
woodwork, at rate of 4 pounds per 1000 
cubic feet, for & hours. 


3. Sulphur fumigation is described in Pub- 
lic Health Bull, 34, 1910 with special 
referense to ships, and in Entoino logy 
bull. 69, 1906 with reference to general 
fumigation, 


Ds Cyanide, 

1. Sodium cyanide only is now available, 
Generate in earthen jars placing in the 
jar 11/2 02. sulphuric acid and 2 of wae 
ter to every ounce of cyanide to be used, 
Arrange the cyanide in a package susperd-~ 
ed over the jar so that it can be released 
by the operator ata distance by pulling 
or releasing a cord, ne gas is genezated 
acty mapicty and is exceedingly dangerous. 
Use 10 ouncentot Cyaniae for each 1000 cu. 
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ft. and expose for 2 hours. This will kill 
all other znsects present. 


2.2/ Potassium cyanide should be used at the rate 
of 1 oz cyanide to 1 oz. sulphuric anid, and 
3 oz, of water. 

d. The most practical method for fumigation of any }} 
kind would be a mobile motor fumigator with hose 
attachments capable of treating any buidding, tent 
or car. If thés unit had a tight fumigation room, 
garments could be hung therein and practicaily fue. 
migated. The installation shouid be equipped with 
generators for cyanide, formaldehyde, or sulphur 
fumigation, and be placed in charge of praétical 
fumigation experts. 


Control of lice in hospitals. 


Control of 


Mozsten floors and walls with cresol or phenol. 

If possible patients should be washed before placing on clean beds. 
Attendants should wear clothes with few openings. 

Band legs of beds with corrosive sublimate to prevent infection from 
other beds. 

Cleanse each bed before putting a new patient on it, 

Obtain free ventilation with fresh air. 

Have bedding disinfected for each case. 


lice in trenches and dugouts. 


Seray walls with cresol or phenol solutions. 

Scrape walls, sprinkle the dust with corrosive sublimate and remove. 
When possible provide in dugouts a disinfecting kettle or box, or bare 
rel in which clothes can be treated with an insecticide as described 
under clothing. 

When possible remove bedding and other comforts in which lice might 
lurk ,to rear, for disinfection, 


Louse proof garments for medical attendants, etc. 


Le 
Ae 
Se 
4. 
De 
Be 
7s 
8. 


Smooth clothing, preferably rubber or oiled siik. 

Long coats, extending below the knee and buttoning behind. 
‘Sleeves narrow to the wrists. 

Rubber gloves drawn up to overlap edges of sleeves. 

Collars to button close around the neck. 

Head covered by a hood. 

Rubber or smooth leather top boots. 

A one piece suit fastened at shourders by buttons with trousers closed 
at ends like stockings. Wear sancals over the feet. Rubber cap, 
Smooth capes are sometimes of vaiue, 

Smooth silk underwear mtiy afford a measure of protection, 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


Lecture 18. OF DISEASE, HYGIENE AND SANITATION, 
wept, 30; 1918, MOSQUITO CONTROL, 
: fx, AY t 
ere g 7 wey. 


AKT . 
Probably more money and more concentrated effort has been devoted to mosqui-~ 
to control throughout the world than to the contrOl of any other disease bearing 
insects. We may discuss the essential elements of mosquito control topicaliy. 


PREVENTION OF MOSQUITO BREEDING, 


By far the most important measures to be taken are those which prevent the 
breeding of mosquitoes, In this class of measures we therefore have to deal in 
some manner with water. In general mosquitd controi is sought it is not essen- 
tial to ascertain the speéies breeding, but when larg: communities or armies are 
to be protected against disease bearing mosquitoes, time may not vermit of gen- 
eralemosquito control but may necessitate particular attention to the haunts of 
the disease bearers. 


wee 


SCOUTING, 


The preliminary measures to be taken therefore are the organization and 
training of scouting parties designated primarily to search out the breeding 
haunts of these species and report them to the details or squads designated for 
control wérk. The scouts must be trained entogglogists skilled in the knowledge 
of mosquito haunts. They must examine the wate# in ali receptacles in and around 
buildings, and in discarded vessels. They must seck out aii puddles, hoof prints 
wagon ruts, tree holes, ditches and streams and carefully examine these. A chart 
should be kept showing the ldcation of all water and this can be marked in var- 
ious ways to indicate the species present, Colored pin markers on a wall chart 
are very serviceable, A field chart would have to be marked otherwise. 


Levehing and Filling Water Holes, 


Details of men may be designated to look after the leveling of ground where 
water is apt to gather, and remain and to fill up small puddles, pools, hoof marks 
ruts etc, whé¢h serve no useful purvose and where drainage is inadvisable. Holes 
in trees should be filled up with cement. tumps which hold water should be grub- 
bed out and the stump holes filled. In rocky streams pot holes in the rocks of- 
ton breed many mosquitoes. If possible the rock should be grooved, or removed, or 
the holes may be filled with cement. 


Ditching and Clearing Streams and Swamps. 


EE ALAS OG GE ENE 8 GN | TT 





Other details may be designated to clear stream beds and drain low lands, 
Syring lands, bogs and swamps furnish an abundance of mosquitoes and are the 
frist places to receive the attention of the ditching squads. Ditches must be 
constructed to carry off standing water. These should be laid out by an engineer. 
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The ditthes must have straight banks and even bed and must bo kept free of vege- 
tation. Sometimes it is necessary to spray the vegetation along the ditches with 
0i1 amd burn, All burrow vits and puddles caused oy grading r@uds and railwoys 
should be connected up by a ditching system or filled, Flowing streams usually 
have trees along their sides, Under such trees water is often trapped to form 

4 quiet undisturbed place ffr mosquito larvae, Trees must not grow on the edze 
of the bank. Tree roots must be removed from the stream, Any kind of vegetatviou 
Growing in the bed of a stream favors mosQuito breeding as it affords some pro- 
tecvion against naturad enemies, and prevents adequate artificial control. The 
Stream bed must be clear of vegetation. The banks must be straightened and with- 
out overhanging ledges. There should be no obstru:tion to the free flow of the 
stream. If it meanders, a new and straight course ought to be constructed and 
the old course filled. Spriygs which furnish good water should be boxed and pro- 
tected, Le Prince and Orenstein very ably describe in their book, the methods of 
Clearing streams and propagation areas in jungles in the tropics. 


Clearing of weed filled bavs and lakes. 


Large bodies of water in which dense growths of grass and weeds occur furnish. 
great problems in many camps amd in tropical countries especially where feasible 
it is often desirable to furnish the mosquito squad with two motor boats and sub- 
marine saws or other implements for cutting and removing vegetation. If this cut 
vegetation remains it agravates the situation. Large liiy leaves which when ali- 
ve furnish no place for breeding, will often when dry form cups for water,in which 
mosquitoes breed prolifically. 


Drainage, 


The construction of drainage systems should vreferably be done by a sanitary 
engineer who understands the mosquito phase of the problems. The main ditches 
should be constructed first and later the laterals sdded. Sometimes where weed 
growth is rapid it is desirable to haye a double rarallel series of ditches, one 
Only operating at a time, during heavy rains, with the idea that the idle ditch 
can be cleaned and shaped up. It is essential that the floor level of the ditch 
afford no oppontunities for puddles to form after the greater part of the water 
has passed off. .In permanent ditching it is sometimes feasible and advisable to 
line the ditch with concrete or atjleast to line the botton. Weep holes should 
be made at sufficient intervals to carry into the drain,water which gathers on 
the outside of it. Branch ditches should enter the main ditch at an acute angle 
Or ona curve, At the junction of ditches there should be a splash wall to con= 
fine the water within the ditch. Pot holes formed in dirt ditches should be fill- 
ed up after rains with gravel or stone and tamped hard (See Le Prince and Oren- 
stein, pp. 137-144}, 


In certain soils where seepage water out-crons abundantly on 
hiltgidss it ts sometimes practicable to install an intercepting tile drainage 
System. The tiles are laid at right angles to the flow of the seepage at the high 
€st seepage water levet, with a space of one vighth to a quarter inch between 
Jeints. The grade of the trench bottom must be true, Tiles must not be located 
ou soft mud where they may sink, The outlet should be well above the ground sur- 
face, (see Le Prince and Orenstein, pp. 130-135). 
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When ditches become matted with algae and other matter and contain mosqui« 
to larvae, in some lecalities it is possible to construct water gates to permit 
temporaty impounding of water, which will enable the ditch squads to thoroughly 
fiush the ditch below the gate and remove all mosquito larvae and algae. 


Larvacides:« — 


The ditching , draining and clearing of water ways ensures a regualr flow 


and carries off all sufplus water and reduces but does not prevent mosquito breed. 


ing. It is necessary to use some additional means of control and for this pur- 
pose various larvacides have been applied, but principally kerosene, and crude 
oils of paraffin and of asphaltum base as well as creosote oils. 


The question of the effect of oils on mosquito larvae is most thoroughly 
discussed by Freeborn and Atsatt who find that the toxicity of the petroleum 
oils as mosquito larvicides increases with an increase in volatility, the more 
volatile oils producing the more marked lethal effects. The volatile constituerts 
of the oils contain the principles that produce the primary lethal effects. The 
lethal effects are produced by the penetration of the tracheal tissue by the voi- 
atile gases of the oils. In the heaviest and least volatile oils, having a boil- 
ing point greater than 250°C., thés action may be supplemented or apparently sec- 
ondary to the effect of actual contact of the oil with the body tissue or perhaps 
to mechanical means such as suffocation or plugging of the tracheae. They found 
that oils which killed very quickly did so by means of the volatile gases, where- 
as in case of oils with slow effectiveness the mechanical suffocation may be the 
cause of death, 


This paper is so recent that it has not been possible to obtain a mass of 
evidence on the practical effectiveness of different grades of oils used as lar- 
vicides,. Kerosene and crude oil are the oils most commonly used in general prac- 
tise. Le Prince and Orenstein prefer crude oil to kerosene because of the film 
madé by kerosene, its greater expense, inflammability,and liability to be wasted 
because of its transparency. 

e 
Thes/authors have ste down a number of requirements for a good larvicide, 


l, It shall have a high toxic power, so that a small quantity may suffice 
for a large volume of water, 


ae It shall kill rapidly in order that subsequent dilution and weakening 
by rain have as light effect as possible. 


os It must be uniform in its toxic power and capable of standandization. 
4, It should mix freely with brackish and alkaline waters. 
De It must be harmless to man and domestic animals, when in the dilution 


necessary for larvacidal action, 
By It shall not be susceptible to rapid deterioration. 
7. It must be inexpensive. 


They did not find any substance which fulfilled all these conditions but 
found a soap , now known as the Panama larvacide to meet most of their requirement>- 
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This was made of the foltowing ingredients: 


Resin i50 to 200 pounds 
Soda 30 ’ 
Carbolicracidésp.gr.0,97) 150 gallons 


This makessa liquid soap which freely emulsifies with fresh water. The car- 
bolic acid must have at least 15 2 of phenols anc no greater specific gravity 
than 0.97. 


This larvicide is manufactured as follows: Heat the carbolic acid ina 
steel tank with steam coil. When steaming hot add the resin and continuously 
stir the mixture by means of a paddie agitator until complete solution is effect- 
ed. Dissolve the caustic soda in 6 gallons of water and add to the mixture, 
Heat and stir for five minutes. Draw a sample and pour into water. If it emul- 
sifies the process is complete, and the product may be put into shipping drums 
which must be tightly closed. 


Oiling. 


There are many ways of applying the oil. The commonest method is by knap- 
sack sprayer, or whene the ditch is along a road by horse drawn tanks fitted with 
a spraying bar. For slow moving water, and stagnant water, as well as the treat~ 
ment of ruts, puddles, hosf prints and so forth, these methods are satisfactory. 


For moving water there are many devices for maintaining a regular dripping 
of oil from a suspended vessel upon the surface of the water, Such devices can 
easily be rigged up by any practical man, 


The war has brought about however some new and even more efficient methods 
of oiling which have been developed along many angles by Dr, Mann the Post Sur- 
geon and Lieut. Ebert of the Marine Corps at Quantico, Va., withithe assistance 
of Pharmacists Mate Duncan. They have found that sawdust impregnated with crude 
011 will hold it for a long time and will slowly give it up to the water, They 
therefore place the sawdust impregnated with oil in a box and sink it ina flowe- 
ing stream; or they throw a few grains of dawdust in a hoof print, or a handful 
on a puddle; or they fix a floating boom to hold back of it a quantity of sawe 
dust and give off a constant film. For each condition a slight modification of % 
the application and they obtain an excellent and lasting film, not destroyed by 
rainss 


Dr. Ebert's automatic oiler is a cylinder sunk beneath the water which takes 
in water and displaces the oil, the amount of displacement beéing regulated by 
spigots. This oiler dropped under a bridge in a big river or placed ina large 
tidal bay amidst rank vegetation producesua constantly renovated film of oil 
which is very effective, 


Artificial containers of mosquito larvae. 


In mosquito work much attention must be given to all types of artificial 
water containers, as rain barreds, cisterns, latrines, tin can dumps, garbage 
cans, gutters, water pitchers, fiower vases, aquaria, table isolation receptacles 
in tropical countries, cesspools, sewers, toilets and flushing boxes, traps in 
sinks, drinking fountains, water troughs, etc. Flushing, periodic emptying, cov- 
ering with oil films, stocking with fish, are among the possible expedients avail- 
ble in one or another of the cases, Lieut. W.L. Van Dine and Dr. W.V. King have 
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devised a new treatment for water in fire barrels and water tanks used for stor- 
age of water to be used in cleansing cans, in each of wnich cases oil is very 
indespensable. Thege receptacies may be treated with borax, 


Fish as mos squito eontrol, 


Among the principal natural enemies of mosquitoes are fish and in permanent 
ponds, and lakes and streams the stocking with the proper species of fish may be 
Considered as one of the most satiislactorv methods of mosquito control. In this 
country top minnows and goid fish are commenly used for this purpose. The Bue 
reau of Fisheries lists the following American fish available forningeduction 





in American waters infested by mosquitoes; The killifiches, Fundusls Giaphanus. 
Mapcicpar, F, notetus, F. chrysotus, and F. nottii; The top minucw, Garousia at. 
Panis; Heterandria formcsa, Molt: tenisia Jatipinna, Enneacanthus obos sus, E, Gior- 
ES 18, Mesorenss stius Sage teson, centrarcnus maces peor Srus , » nepomig cya aneiius, L. 
grianus, Leseene 292 ANe by jiptenigoive cryso..eucas, @, Labidesthes SucedLUS, and 


Speed 


The er complete summary of the species of fish available in various parts 
of the world is given by Hegh (pp. 140-150), Howard, Dyar and Knab and also Le 
Prince and Orenstein discuss the subject. 


In this country any one desiring to stock a reservoir or other body of wa- 
ter with fish should immediately communicate with the Bureau of Fisheries at 
Washington, 













The Panama larvicide is somewhat toxic to fishes, and undoubtedly some of 
the volatile oils are also, although the literature speaks only in general terms 
on this subject. 


De stion of adult mosquitoes. 


stru. 





Howard, Dyar and Knab and also Hegh cite various methods of destruction of 
adult mosquitoes in dwellings, such as puffing powdered pyrethrum into nooks fre- 
quented by the mosquitoes, fumigation oy burning pyrethrum sulphur or cyangde 
fumigation, vapors of cresyl and of creoline. Le Prince %) Orenstein describe a 
jabyrinth trap for windows, quite similar to the Hodge window fly trap. Hegh fig- 
ures and gescribes other traps, 


Protsction of dwellings from mosquitoes, 


In mosquito sections the screening of all habitations against mosquitoes is 
essential, This must be done thoroughiy and the screens must be carefully ¢xam- 
ined and repaired. When holes or openings occur in the séreening the mosquitoe 
enter and are trapped and the buiiding is often worse o2f than if unscreened, 


For protection against Anopheles alone a 16 mesh wire screen is sufficient, 
but small Aedes can pass through this and therefore 17 or 18 mesh is necessary. 
Le Prince and Orenstein gave tne specifications for the 18 mesh screen to be of 
99% pure copper and not more then one half of one percent of iron for damp trop- 
ical countries, the gauze having eighteen strands of wire of one one-hundredth of 
an inch diameter in each linear inch. In many parts of the United States other 
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types of wire screening are thoroughly efficient. Mr. F.C, Bishopp has for sev.. 
evai years been making tests of serviceability of many types of screening in var- 
ious parts of the country, and althouth he haenot submitted a final report, will 

iadly advise anyone desiring this infiormation for officdal purposes. His add- 
ress is Box 208, Dallas, Texas. 


Where mosquitoes are abundant the double door vestibule, arranged so that 
the two doors can not be opened at the same time. is highly desirable, especially 
for hospitals. In tropical countries with verandas around the entire house, the 
entire screening of the verandas is essential. 


Protection of the Individual. 

Campers are in the habit of using almost any thing that will make a dense 
smudge to drive away mosquitoes, The fumes of burning prrethrium vowder are not 
obnoxious to most persons and are very effective in freeing a room of mosquitoes, 
The powder slightly moistened and moulded into a candle will burn slowly like 
punk, The essential oil of the powder may be volatilized by placing on a metal 
screen above a lamp chimney. The odor is only slightly perceptible and not un- 
picasants 


For protention of the body camphor, oil citronella, oil of cassia, and other 
essential oils are found efficacious. Howard, Dyar and Knab recommend as the 
best in their experientes 


Oil of citronella LOS. 
Spirits of camphor ihe 
oil of cedar 1/2" 


This.may be rubbed on the clothes or body. A few drops on a bath towel hung over 
the bed will keep Culex pipiens away for a whole night. 


Graybill lists many repellents against flies, which have been tried on an- 
imals. The most successful substances tried by him were 50 percent pine ter in 
cotton seed oil, or 10 percent oil of tar in cotton seed oil,when applied lightly 
Fish oil is a very effective repellent. Bishopp's fish oii repellent is very ef- 
fective in keeping flies from livestock when applied lightly. It consists of: 


Fish oil 1 gallon 
Onn Ot Lar 2 ounces 
Oil of pennyroyal 2 ounces 
Kerosene 1/2 Pint. 


Mosquito nets for the bed are used in many parts of the South where the 
buildings are unscreened. Campers who sleep in hammocks may easily arrange a 
good sleeping net by tying a rope to the hammock supports and hanging from this 
a tent shaped net which can be fastened at the ends and tucked in beneath the 
blankets. 


Hegh illustrates mosquito bars for tent coverings, for tent doors, and sol- 
diers cots, and also a mosqusto bar fastened inside a small sokdiers field tent, 
¢o that the sides of the thet can be raised to give air. Various types of pro- 
testive headgear have been described for troups in tropical countries, two of 
which are iilueteated by Hegh. 


. The references cited below are worthy of study in connection with this lcc- 
ture, There are many other works in all languages on the special problems of 
different countries. 
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NOTICES TO CLASS. 














There have been no search questions sent with recent lectures because we 
are at present without the necessary assistance for handling the answers, All 
papers on previous quizzes are beigg carefully graded, and from time to time oth- 
er problems will be cffered. 


The class enrollment now numbers well over 500 and a new edition of many 
mumsers is necessary. Members recently enrolied will have to wait a little while 
for these numbers, agsour working force is short. 


The proceedings and reports were eliminated to save paper. Letters which do 
not require anganswer will not be acknowledged. 


A large percentage of the enrolled membership are in some branch of the ser- 
Vice. Many of the pfofessors expect to relay in a modified form the course to the 
military students in the Uolleges, 


It will be a pleasure if those who read these proceedings will submit their 
special problems for nelp. The bibliographies and libraries available in Washing- 
ton witi'tacilitate easy and rapid attention to these probiems,. 

This class was organized for service and we therefore wish to meet your own 
particular problems as satisfactorily as possible. Official requests should be 
addressed to Dr. L. 0, Howard, Chief of Bureau of Entomoiogy, 


W. D, Pierce, 
Bureau of Entomology, 


lass Leader. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 
OF DISEASE, HYGIENE AND SANITATION, 
Lecture 19, DISEASES TRANSMITTED BY BLOOD SUCKING FLIES, 
October %, 1918. By W, Dwight Pierce. 

As stated before it was necessary to discuss the transmission of dis- 
cases by flies in three lectures, non blood sacking flies, mosquitoes, and oth- 
6r blood sucking flies. This is therefore the third lecture on fly borne dis- 
eases, and embraces quite a different category of diseases. For convenience of 
referente and study it will be likewise handled from the standpoint of the ore 
ganism transmitted. The most important volume on the subject of this lecture 
is by Hindle, 

PLANT KINGDOM 
THALLOPHYTA; FUNGI: SCHIZOMYCETES; BACTERIACEAE. 
Bacterium tularense McCoy and Chapin, the causative organism of a RO- 


DENT PLAGUE is probably normally carried by fleas, but Wayson records some in- 
teresting experiments with the stable fly, Stomoxys calcitrans, He found that 


a fly after biting an acutely diseased guinea pig eight times if applied to a 


healthy animal within an hour, will effectively transmit the disease to the 
healthy animal and cause its death in five to nine days. Washings of the flies 
in normal salt solution, and also washings of the flies slightly crushed, when 
injected subcutaneously will produce similar resuits. The transmission by bites 
occurs only from those animals having an advanced stage of the bacteremia, as 
indicated bY their death within 24 to 48 hours after the fly feeding. The flies 
have not been proven infective as long as 24 hours. 


Bacterium anthracis Davaine, the causative organism of ANTHRAX, or char- 
bon, can be carried by blood sucking flies. Nuttati: (1899) ¢ites‘many ‘early 
references to the role of bloodsucking flies in the transmission of anthrax, the 
earliest being by Montfils-in 1776, Hintermayer (1846) studied an epidemic which 
raged among the deer in the Park of Duttstein, The horse flies, Tabanus bovinus, 
T. pluviatilis, and T) coecutiens assembled usually in thousands on the carcass- 
es of the fallen animals and sucked the frpfluvia which escaped from the mouth, 
nose and vent. Leaving the bodies they immediately sought the healthy animals, 
thrust their proboscides soiled with the virus into the skin and in this way in- 
oculated the. poison of the disease. Mitzmain (1914) proved th at Tabanus stria- 
tus, and the stab4’e fly, Stomoxys calcitrans, can transmit the disease by their b 
bites. Schuberg arti Kuhn (1912) transferre? anthrax infection from a cadaver to 
a iiving .animal. through. the bite ef Stomoxvs calcitrans. 


Morris (1918) working on anthrax in Louisiana proved that the horse fly, 
Haematobia irritans, when biting an infected guinea pig fourg or less before its 
Gents and up to Tifteen minutes after death can transmit infection. 184 experi- 
ments on different guinea pigs were made during these time limits and infection 
was conveyed in 34 percent of the cases, 40 experiments outside of these time 
limits were unseccessful. One out of two tests with the flies feeding on an in- 
fected sheep thrgty minutes before death yielded infected of a guinea pig, and 
all tests (7) of biting in the quarterhhours before nad after death of the sheep 
yisidec infectien in guinea pigs. 
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He also tested a species of Tabanus and proved transmission in 46 percent of 
70 cases in which the flies bit between fo~ts before death and five minutes af- 
ter death. 


Virulent cultures of anthrax were obtained in nature by Morris from 
Tabanus atratus caught feeding on @ carcass. This species will feedgon a car- 
cass thirty minutes or more afer death. i 


(The following note should have been included ih-the lacture on mosqui- 
to transmission of disease, p. 188. Morris experimented with the mosquitoes 
Pgorophora sayi and Aedes sylvestpis both of which commonly bite live stotk in 
Louisiana and are very annoying. Out of 86 tests with these mosquitoes feeding 
on guinea pigs from three hours before death to ten minutes after death, he ob- 
tained infection by the bite of the mosquito in 40 percent), 


He likewise determined the spores in the feces of the Haematobia up to 
six hours after feeding, of the Tabanus one to twelve hours after feeding and 
of mosquitoes 48 to 72 hours after feeding. 


The above cited evidence should be sufficient to emphasize the absolute 
necessity of isolating and protecting from blood sucking insects, animals sick 
with anthrax. Valuable animals should likewise be kept in screened buildings 
during outbreaks of the disease. 


THALLOPHYTA: FUNGI: SCHIZOMYCETES: COCCACEAE. 


Staphylococcus pyogenes albus and aurenms Rogenbach, the causative organ- 
dems of various types of SEPTICAEMIA were obtained by Joly (1898) from a Tabanus 
on a heifer near a mumicipal vaccine station, 


es ee ET 


DISEASES OF UNKNOWN OR UNCERTAIN ORIGIN, 


PAPPATACI FEVER, abso known as Three Bay and Phlebotomus fever, a dis- 
ease of the Mediterranean Regions, which has caused considerable disability to 
the troops, esvecially in Egypt and Greeée, is transmitted by the bite of the 
sand fly, Phlebotomus paratasii, and possibly other species in the genus. Its 
transmission has been caearly demonstrated by Doerr, Franz and Taussig (1909). | 
The blood is infective for only about 24 hours. During this period the flies | 
become infected by feeding on the patient. After ingestgng the virus, there is 
an incubation period of seven to ten days before the insects become infective, an 
beyond this after an indetermined period they may again become non infective, 
Following the bite of an infected fly, there is an incubation period in man of 
from 3 Wwe to 7 days,» during which time the patient is non infective. The vi- 
rus is filterable. Lizards and reptiles ate the wild reservoirs of the disease. 





VERRUGA PERUVIANA, or Carrion's disease, a Peruvian disease, thought to 
be caused by Bartonella bacilliformis Strong, Tyxzer, Brues and Sellards, is 
claimed by Townsend (19145) to be carried by Phlebotomus verrucarum, and he ad-~ 
vances evidence to support his claim. 


EQUINE INFECTIONS ANEMIA, or swamp fever of horses, a disease caused by 
a filterable virus in Japan was thought to be carried by Chrysops japonicus, 
Chrvsozona pluviatilis, (Haématopotastristis), Tabanus chrysurus, T. trigonus, 
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T. trigeminut, T. lJuridus and T. rufidens. according to the Horse Administration 
Bureau (1914), and in America was claimed by Scott (1915) to be carried by Stom- 
oxys calcitrans. Howard (1917) conducted an experiment with Stomoxys calcitrans 
which indicatéd the probability that this fly transmitted the disease. 


POLEOMYELITIS, or infantile paralysis, a disease of unknown origin has 
been suspected by various authors of being transmitted by biting insects, espec- 
ially Stomoxys calcitrans and Tabanids. Roganay and Brues (1912) conducted ex- 
periments with this fly and reported successful inoculations of six monkeys bY 
bites of the flies. Anderson ané Frost (1912) repeated these experiments and 
as a result three monkeys exposed daily to the bites of several hundred Stomoxys, 
which at the same time were allowed daily to bite two intracerebrally inoculatéd 
mankeys, developed quite typical symptoms of poliomyelitis eight, seven, and nine 
days, respectively from the date of their first exposure, Autopsy of all proved 
the presence of tyvicad poliomyelitis lesions, On the other hand these same au- 
thors in further experiments (1913) and Sawyer and Herms (19138) record negative 
results with this fly. 


FELLAGRA, a disease of unknown origin, i troduced from Europe to Amer- 
ica, was for a long time thought to be caused by eating svoiled corn. At vres- 
ent sentiment seems to favor considering that it is caused by lack of vitamines. 
However, it is important that we discuss in this lecture rather briefly the the- 
ories propounded regarding blood sucking flies as possible tramsmitters of the 
disease. . 

Samton (1910) brought forward the theory that the disease is carried by 
the buffalo gnats Simulium spp. Jennings and King (19136) and Jennings (1914) 
are inclined to believe that the incidence of this genus and of pellagra af- 
fords sufficient evidence to exclude Simulium from the consideration, On the 
other hand Jennings and King in their three papers point out very strongly the 
possibility of Stomoxys calcitrans being concerned in the thansmission of the 
disease. 


PROTOZOA, 
MASTIGOPHORA: BINUCLEATA;: HAEMGPROTEIDAE. 


Haemoproteus columbae Celli and San Felice, the cause of PIGEON MALARIA 
or haemoproteasis of Coiumba livia, is transmitted by the pigeon flies Lynchia 
maura in Algeria and India, and i. brunea in Brazil. Mrssg Adie (1915) workea out 
the complete life cycle in the fly and Acton and Knowles (1914) in the pigeon, 
Mrs. Adie succeeded in tramsmitting the disease to uninfected pigeons by the bi- 
tes of Lynchis flies. The flies used were disséctadiand found to contain zy- 
gotes and sporozoites. Parasites were found in the blood of the Pigeons 28 days 
after the flies were first put on them. 


In the pigeon the asexual cycle is passed. The sporozoites are inocula. 
ted by the bite of the fly. They enter the red blood corpuscles in the lung cap- 
illaries here they develop into trophozoites and schizonts and divide into merc- 
zoites, which may rontinue the asexual cycle by entering other corpuscles and be. 
coming trophozoites. On the other hand they may remain in peripheral circulation 
and develop into the sexual forms, the macro- and microgametosytes. These Torus 
may persist in the pigeon's blood over winter. They are ultinateiy taien up f som 
the pigeon's blood by the fly.:and pass from its proboscis into the gut. They de- 
velop into gametes which conjugate to form zygotes in the lower rrotion of the 
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midgut. These become ookinetes and develop into oocysts in the gut wall. The 
vacysts divide into a multitude of sporozoites which find theirrway through the 
body cavity through the body cavity into the salivary glands and are ready for 
inoculation. 


The life cycle is graphically shown in the chart which should be compared 
with that of Plasmodium in lecture 13, 


Haeroproteus mansoni Sambon, the cause of HAEMOPROTYNSIS OF THE RED GROUSE, 


Is transmitted by the grouse fly, Ornithomyia lagopodis, in whieh Sambon found 
ookinetes in the stomach. 


It will be recalled that in lecture 13, certain species of Haemo proteus 
were mentioned as transmitted by mosquitoes. 


MASTIGOPHORA; BINUCLEATA;: LEUCOCYTOZOIDAE, 


Leucocytozoon lovati Sambon and Seligman, the cause of leucocytozoasis . 
of the red grouse, Lagopus scoticus, is supposed by Fantham to be itkewkséitrhans- 
mitted by the grouse fly, Ornithomyia lapopodis, in which he found vermicules, 


MASTIGOPHORA; BINUCLEATA; TRYPANOSOMIDAE, 


Trypanosoma sp., cause of AINO,an african disease of cattle probably identical 
with T. brucei, is suspected by Brumpt to be carried by Glossina lingivennis,. 


Trypanosoma annamense Laveran, cause of an EQUINE TRYPANOSOMIASIS in 
Annam is believed to be carried by Tabanidae and Hippoboscidae according to Cas- 
tellani and Chaimers, . 


Trypanosoma brucei Plimmer and Bradford, cause of NAGANA, an African dis- 
affecting many wild and domestic animals is transmitted normally by bites of the 
tsetse flies, Glossina morsitans, G. brevipalpis, G. pallidipes, G. tachinoides, 
and G. fusca, and may @lso be transmitted by the horse flies Atylotus nemoralis 
and a Tabanus, and by the stable fly Stomoxys calcitrans, and S. Glauca, The 
organism must undergo part of its development in‘ the alimentary canal of the fly. 
When fully developed it is found in the proboscis and is thn capable of being in- 
iculated into animals by the bite of the fly. | 


Trypanosoma caprae Kleine, cause of an African goat trypanosomiasis is 
transmitted by Glossina brevipalpis and G. Morsitans. 


Trypanosoma _cazalboui Laveran} cause of SOUMA, an African animal trypan 
osomiasis is principally carried by the tsetse flies Glossina paipalis, G. longi 
palpis, G. morsitans, and G. tachinoides, but may also be transmitted by Stomox- 
ys caicitrans, Tabanus liguttatus, and T. taeniatus and possibly Stomoxys nigra. 
Development of the organism is restricted to the proboscis of the tsetse fiy; 
the flagellates never multiplying in any other part of the alimentary canal, They 
may change in the proboscis into leptomonad or crithidial forms, attach to the 
walls of the labrum and undergo rapid multiplication. Under the influence of 
the salivary secretion some of these fixed flagellates develop into small active. 
ly motile tryvanosomes closely resembling the blood forma. This become infective 
from six to ten or more days after ingestinn of the parasites, 


Trypanosoma cazalboui pigritia Van Saceghem, cause of ZAMRTAN sous of 
cattle, is carried by Haematopota perturbangs according to Van Saceghem who found 
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the organisms in the intestinal tract of flies taken on infected animals. 


Tryranosoma congolense Broden, cause of GAMBIAN HORSE SICKNESS, is car-— 
ried by Glossina morsitans and possibly by 6. palpalis and species of Glossina, 


Tabanus and Stomoxys. The various forms of the parasite have been demonstra.ed 
in the alimentary canal of G. morsitans 23 days after ingestion. 


Trypanosoma dimorphon Laveran and Mesnil, cause of an African ANIMAL TRY? 
PANOSOMIASIS is carried by the tSetse flies Glossina palpalis , G. tachinoides, 
G. morsitans and G. longipalpis, and possibly by Lyperosia. The trypanosomes 
upon being taken up by the fly become established in the hind intestine and grad- 
ually extend forward until they reach the proboscis, when they become fixed and 
assume the leptomonad or crithidial form. 


Trypahosoma equiperdum Doflein, cause of DOURINE of horses has been ex- 
perimentally transmitted by interrupted feedings of the stable fly, Stomoxys cal- 
Citrans and Atylotus tomentosus by Sergént and Sergent (1904) 


Trypanosoma evansi Steel, cause of SURRA of cattle and horses has been 
experimentally tramsmitted by bites of Stomoxys calcitrans, S. geniculatus and 
S. nigra, Either experimantak evidence or strong suspicionspoints to transmiss~ 
ion by the horse flies, Tabanus tropicus, T. striatus, T. lineola, T. atratus 
T. fumifer, T. partitus, T. vagus, T. mimimus, and other species of Tabanus and 


Haematopota. Certain writers have also suspected Lyperosia minuta, Philaemato- 


myia crassirostris and Haematobia exigua. The parasite has also been found in 
the stomach of Stomoxys geniculatus 


Trypanosoma evansi mboriivLaveran, cause of MBORI, a camel trypanosomia- 


sis of Africa, is believed. to be carried by Tabanus taenigtus and T. biguttatus. 





Trypanosoma franki Frosch, cause of a TRYPANOSOMIASIS OF WILD GAME in 
Europe is believed to be transmitted by Hyvoboscidae and rabanidae. 


Trypanosoma gallinarum, cause of FOWL TRYPANOSOMIASIS of the domestic 
fowl is carried by Glossina palpalis according to Duke (1912). 


Trypanosoma _gambiense Dutton, cause of GAMBIA SLEEPING SICKNESS of man, 

has wild animals for its reservoir, and is principally transmitted by Glossina 
palpalis and its variety fuscipes. Experimental evidence indicates that it can 
be carried by Glossina morsitans, @l fusca, G. longipennis, G. pallidipes, G. 
brevipalpis, G. tachinoides as well as Stomoxys calcitrans, and the mosquitoes 
mentioned in a previous lecture. After the trypanosomes ane ingested in the 
blood by the fly, multiplication begins, usually in the mid gut, After the tenth 
or twélfth day many long slender trypanosomes are found which gradually move for- 
ward into. the proventriculus. Such long slender forms represént the limit of dev- 
e¢lopment in the lumen of the main gut. The proventriculus type, developed about 
the eighth to the eighteenth or twentieth day, is not infective; it may occur in 
the crop, but is not to be found permanently there. Between the tenth and fif- 
teenth days multinucleate forms of trypanosomes are found, and may be styled mul- 
tiple forms. Some of these latter may be degenerative. Long slender forms from 
the proventriculus pass forward into the hypopharynx. They then pass back along 
the salivary ducts, about sixteen to thirty days. after the fly's feed. In the 
salivary glands they become shortervand broader, attach themselves'to the sur- 
roving structures and assume the crithidial facies. ‘They remain attached to the 
wall and multiply. These chathigial ‘stages differentiate into the short, broad 






trypabosome forms, capable of swimming freely. These forms only dre infective. | 
r | 

After inoculation into the vertebrate these fofims multiply by longitudi- 

nal division. Repeated division occurs until the blood swafms with parasites. | 
They then disappear from the blood and become latent nonflagellate bodies in the 
intestinal organs. These latent bodies again become flagellate and enter the 
general circulation, and may be taken up by a blood sucking fly. The above life. 
cycle was worked out by Miss Robertson as well as other workers and briefed by | 
Fantham, Stephens and Theobald. | 
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Trypanosoma grayi Novy, cause of CROCODILE TRYPANOSOMIASI 
in Africa, is carried by Glossina palpalis and G.brevipalpis 


Trypanosoma_nanum Laveran, cause of a fatal BOVINE TRYPANOSOMIASIS of 
Africa, is carried by Glossina palpalis, and possibly G. morsitans. The devel~ | 
opment in the gut of palpalis is similar to that described above for TD. gambic- ] 
nse. Multiplication begins in the hind intestine and by the tenth day numerous — 
parasites ate found in the hindsandumiddleyintestines dThe slender forms begin 
to be produced from the tenth to the fourteenth day onwatds, and the proventricul 
us is usually invaded about the twentieth dayd About the 25th day they invade 
the probssctis, where they may be found attached to the labrum, often lying in 
clusters. They then pass through the crithidial phase, many of them being exe | 
tremely long and slendef. Subsequently trypanosome forms are produced which may 
be found free, sometimes in the hypopharynx and at other times in the labrum. | 
The salivary glands never become infected. (Taken from Hindle who summarizes 
the work of Duke and others). | 


Trypanosoma nigeriense Macfie, cause of NIGERIAN SLEEPING SICKNESS is 
possibly spread by Glossina tachinoides. 


Trypanosoma pecaudi Laveran, cause of BALERI a fatal equine trypanoso~ 
miasis of Africa, is usually spread by Glossina longipalpis and G. morsitans, 
but G. tavhingides ang exceptionally G. paivalis may be infected. Stomoxys 
calcitrens and S-. "nigra are recorded as possible carriers, The incubation per- 
iod in G._longipeinis is 23 days. The trypanosomes multiply in the fly intes- — 
tine up to 48 nours after ingestion in a modified form called by Roubaud the 
"intestinal trypanosome form". Under favorable conditions these multiply very 
rapidly and in seven to nine days invadé& the whole of the intestine as far as 
the pharanx. These flies are not infective until the parasites have invaded the 
proboscis and passed through the crithidial and leptomonad phases. These pro- 
boscis forms multiply and some reach the hypopharynx, where they assume the"sal- 
Societies form" and are then capable of infecting any susceptible animals 

indle). 


Sex Serer eee Bruce, Hamerton, Bateman and Mackie, cause of a WILD 
ANIMAL TRYFANOSONIASTS is carried by Glossina morsitans, G. tachinoides, G pal- 

ae ‘ ae : ; . 9 TRC 1c Cue ere oR peat” houeieaiseatunraens Harheebtnd Mate | = 
palis, and @. brevipalpis, in the alimentary canal of which it undergoes its 
cyclical development. 


Trypanosoma rhodesiense Stephens and Fantham, cause of RHODESIAN SLEEP# 
ING SICKNESS cf man is carried by Glossina morsitane, G, pelpalis, and G brevi- 
palpis. the insect becomes infective arter an invaoation period of about ale days 
and is infective throughout the remainder of its life. The life cycle is not com 
pletely worked out, bit it is known that the trypanosomes first become establisk- 
ed in the intestine and later invade the salivary glands. (Hindle). 
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M Trypanosoma simiae Bruce, Harvey Hamerton, Davey and Lady Bruce, cause of 
SIRXIAN TRYPANOSOMIASIS is carried by Glossina morsitans and G. brevipalpis. 





frypanegioma _soudanense Laveran, cause of TAHAGA of dromedaries in Sudan, 
EL DEDAB of dromedaries in Algeria, and ZOUSFANA of horses in Sud Oranais has 
been experimentally transmitted by Stomoxys Calcitrans, S, nigra, Atyoptus nemor- 
alis and A. tomentosus. 





Trypanosoma theileri Laveran, thought to cause GALL SICKNESS of cattle 
_by some authors, was experimentally transmitted by Theiler in South Africa by 
bite of Hippobosca rufipes and H. maculata. 


Trypanosoma tullochi Minchin, is native to Glossina palpalis in Africa, 
and no vertebrate host-is-as-yet known. 


Tryvahosoma _uniforme Bruce, Hamerton and Mackie, a fatal TRYPANOSOMIASIS 
of cattle, with wild animalireservoirs, is naturally carried by Glossina palpalis, 
which beconies infective in from 27 to 37 days. The infection of the fly in al- 
ways limited to the pooboscis. ‘ AY 


Trypanosoma vivax Ziemann, cause of a bovine and ovine TRYPANOSOMIASIS 
is carried by Glossina tachinoides,and probably by G. palpalis and G. morsitans, 
Stomoxys and Lyperosia are suepected carriers. The incubation period of the fly 
is from five to eight days. 


MASTIGOPHORA: BINUCLEATA: LEPTOMONIDAK. 


| Crithidia melophagia Flu is normally a parasite of the sheep tiék fly Mel~- 
ophagus ovinus, and has been experimentally transmitted to rats and mice. Flu 
(1908) describes in the flly an asexual and sexual reproduction. The lattef is 
characteriréedcby a process of reduction, followed by conjugation with the formati-- 
on of an ookinete and the infection of the eggs of the insect, which may cause a 
second generation of flies to carry the organism. 


Crithidia nycteribiae Chatton is found in the parasitic fly, Cyclopoda 
 sykesi. . 


ey Crithidia pangoniae Rodhain, Vanderbranden, Bequaert and Pons, occurs nat- 
utally in Tabanus bilariug, T. striatus and a Tabanus Sp. 


| Crithidia tenuis Rodhain, Pons Vanderbranden and Bequaert is native to 
Haematopota duttoni and H. vandenbrandeni in Belgian Congo. 


| Leishmania brasiliensis Vianna, cause of BOUBA or oral leishmaniasis of 
Brazil and Paragua¥ is believed by Brumpt and Pedroso to be carried by blood suck- 
ing flies, either Tabanidae or Culicidae. 


Leichmania tropica Wright, cause of BISKRA SORE in Algeria, and BAGDAD 
SORE in Bagdad is believed by Wenyon (1911) -andbSergent and Sergent (1914) to be 
transmitted by Phlebotomus minutus africanis. 





Leishmania uta Fscomel, cause of UTA, a dermal lesion peculiar to the wes‘ 
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ern face of the Andes in Peru, is believed by Townsend to be carried by Forcipo- 
myia utae and F. townsendn. 


Leptomonas minuta Leger occurs naturally in the intestine and malpighian 


tubules of Tabanus tergestius,. 


Leptomonas phlebotomi Mackie occurs in nature in Phlebotomus minutus in 
India. aces we 


Leptomonas simuliae Georgewitch occurs in nature in Simulium columbaczense 
e ete eet ma oocntneneogioes 
in Europe, at 


Leptomonas subulata Leged and Haematopota italica in Southern France. 


MASTIGOPHORA: SPIROCHAETACEA: SPIROCHARTIDAR. 


Spirochaudinnia glossinae Novy and Knapp occurs in the stamach of Glossina. 


aie et hee, 


TELOSPORIDIA;: HAEMOGREGARINIDA; HAEMOGREGARIINIDAR: 


Haemugregarina francae De Mello, a parasite of the dove, Columba livia 


is suspected of being carried by Lynchia maura. 


Haemogregarina sp. passes its sporogony in Glossina palpalis but its 


vertebrate host is unknown. 


and furthermore, that when the life cycles are known the transmission is princi- 
pally biological, that is the insect is a necessary intermediate host. In this 
case the parasite invariably passes its cycle of shcizogony in the vertebrate 
and its cycle of sporogony in the invertebrate. 


A number of organisms found only in the insects are recorded. It is 
quite possible that some of, these will ultimately be linked up with pathological 
speciés, Any one studyingdisease transmission must know in advance what organ~ 
isms he might encounter ih the insects he is studying. 
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PROCEEDINGD OF THE CLASS FORVED TO STUDY THE ENTOMOLOGY ~~ 
DISEASE, HYGIENE AND SANITATION, 
‘Lecture 20, BIOLOGY AND HABITS OF HORSE FLIES. 
October, 7, 1918 | By J. Le Webb, 


In various parts of the United States and in many foreign countries 
horses, cattle , and similar animals suffer severely from the blood sucking hab- 
it of the so-called horse flies of the genus Tabanus. 


The life history and habits of different species may vary greatly. Yet 
there are certain conditions common to all species, In general, the flies of this 
genus are to be found in or near swampy areas of the country. 


The larval stage is passed in the ground, and a certain degree of moist- 
uré 1s necessary for proper growth and development. Most snecies require very wet, 
or saturated soil, others are able-to develop in moderately moist earth. 


The eges are denosited by. the female fly in clumps of several hundred 
each, on vegetation, rocks, or other objects overhanging suitable places for de- 
velopment of tho larvae. When the eggs hatch the young larvae drop to the soil 
or water beneath and disappear from sight. Here ther remain for several months, 
sometimes for one or two years, wnen, after passing through a short pupal periad 
they emerge as adult flies, 


In some cases the egg mass as well as the place of oviposition is charac- 
teristic of the species, and renders identification easy, once the observer gees 
one of which he knows the identity. In the Sierra Nevada mountains of Fastern Cal- 
ifornia where I have teen studying tabanids for the past two years, the egg masses 
of the two most important species are very easily distinguished. The egg mass of | 
Tabanus ounctifer is oblong, somewhat Dyramidal in shave, and about the size of 
the ena of a man's little finger. It is usually devosited unon a bull rush or 
cearse® grass stem, and from oné to three feet above the surface of the soil, When 
deposited, as is the case with ail horse fly eggs, the mass is milk white. Ina 
day or so, however, tke color darkens to a mottled gray and white. Eggs of this 
species are found most abundantly along lake shores, ‘The egesmaés of Tabanus 
Phaenops is to be found on grass blades, three or four inches above the soil in 
swamoy places in meadows, This mass is considerably smaller than that of Tabanus 
punctifer, is elongate, and usually contains but two layers of eggs while the oth- 
er species usually has about five layers. The egg mass of T, chenops is biack a 
day or two after oviposition. These masses are inconspicuous and extremely hard 
to locate in nature, 


In the Egyptian Sudan, Harold King found the eggs of Tabanus kingi depos- 
ited in rounded masses on rocks rising from the edge of a stream, generally over. 
hanging the water, and from 4 inches to 15 inches above the water levokt, He also 
found the masses of Tabanus citaeniatus on grass growing in rain pools, The shape 
of the cgg mass of this species was variable,--some being long and narrow, others 
short and broad. The same worker secured ovipositions of Tabanug par in a cage, 
on the under sides of leaves of a water weed growing in a vessel of water. He al- 


x 
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30 secured the egg masses of Tabanus_teeniola, the tabanid most frequently accus- 
ed of causing the death of camels, from grasses arid weeds overhanging rain pools. 
These masses were placed on the upper sides of the plants as they hung ower the wa- 
ter. 


In Ohio, Hine records finding the egg masses of Tabanus stypius princi- 
pally on the leaves of Sagittaria standing in shallow water, the female fly habit-e 
ually placing the eggs just above the point where the fetiole meets the expanded 
part of the leaf. 


Mitzmain, working in the Philippines, used a large cage to secure ovipo- 
sitions of Tabanus striatus. He found that egg laying invariably took place in 
the early afternoon, never later than 2 o'clock. Under cage conditions egg masses 
were deposited on projecting splinters of wood. Suspended fibers of jute sacking, 
fine brass wire, a single animal hair, coarse iron wire, leaves of trees, and the 
woodwork on sides and ceilingoéfttbhe cage, invariably upon the shaded portions.= 
as the undersides of beams and partitions. The egg mass in some cases entirely 
surrounded the object on which it was deposited. The cage contained a tank of wa- 
ter with growing water plants. Apparently Mitzmain did not find eggs in the open. 


In Southern Nigeria, Neave found the eggs of Tabanus corax in the brush 
on reeds or grasses overhanging mud. 


Near Alturas, California during the past two seasons, B have found the 
egg masses of an unidentified Tabanus, to be very abundant ofinthe undersides of 
leaves overhanging a small creek. They were found on the leaves of willow, Alder, 
and rose bush; also occasionally on the leaves of Populus and on coarse grass 
blades. 


I have never been fortunate enough to observe the process of egg laying, 
although on one occasion I came upon a female of Tabanus vunctifer which had just 
finished ovinositing, and was still in the position, head downwards on a stem of 
coarse grass. She was occupied at the time in brushing the end of the abdomen 
over the pure white egg mass, apparently covering it with a kind of transparent 
cement. She was not disturbed by my close approach. In fact I broke off the stem 
on which she rested and observed the brushing process at close range for some lit- 
tle time before she took flight. | 


Neave mentions the fact that the eggs of Tabanus corax in Southern Niger- 
ia are covered with an almost impervious cement. On one occasion an egg mass of — 
this species, after being kept for two days in 70% alcohéal, rpoduced a few larvae 
after being taken out of the alcohol. However not all species of Tabanus cover 
the eggs with cement. The eggs of Tabanus chaenops in the Sierra Nevada mountains 
are not so covered, and fall from their place of attachment soon after hatching. 


Tne number of eggs contained in the mass varies considerably. The easiest 
way of ascertaining the number in any given mass is by counting the larvae that 
issue therefrom. During the past summer the larvae emerging from ten masses of 
Tabanus phaenops eggs were counted. The number per mass ranged from 156 to 385, 
giving an average of 2614+ per mass. Larvae from fifteen masses of Tabanus puncti- 
fer. eggs were counted. The range was found to be from 159 to 701, larvae -- an 
average of 366+per mass. However, this method of arriving at the number of eggs 
per mass was very inaccurate in this case, as practically all these egg masses 
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were to a greater or less extent, parasitized, and in several of the masses a 
large percent of the eggs failed to hatch. 


Larvae from a series of five unidentified Tabanus collected near Alturas, 
California were also counted. Here the range was from 326 to 890, - an average 
of 509-+per mass, with no parasitism. 


Mitzmamn records that the number of eggs per:mass of Tabanus striatus in 
the Philippines varies from 270 to 425. He observed the oviposition under cage 
¢gonditions and found that the eggs were deposited at the exact rate of 10 per min- 
ute. 


References in the literature to the incubation period are extremely 
ssarce. King gives the period for Tabanus kingi as about 5 days, and for Tabanus 
par as 5 to 6 days. These species occur in the Egyptian Budan. Neave gives tne 
incubation period of Tebanus corax in Southern Nyassaland as about 5 days. Mits- 
main determined the period. for Tabanus striatus in the Philippines to be from 3 to 
5 days. 


In my own experinece in the Sierra Nevada Mountains I have found that the 
eggs of Tabanis vhaenops under laboratory conditions hatch in from 6 to 7 days, 
while those of Tabanus punctifer require 14 days. However, in one case, a mass of 
Ls punctifer eggs, - after being kept a few days in the laboratory, was placed out 
doors in the sun, With the result that the incubation period was shortened to ti 
days. No doubt if the mass had been kept in the open from the time of oviposition 
a still shorter incubation period would have been recorded. The eggs of the uniden- 
tified species collected near Alturas, California, hatched in from 7 to 8 days un-- 
der laboratory conditions. 


Usually most of the eggs in a mass hatch at about the same time. but in 
the case of Tabanus_ phaenops I have found straggling larvae emerging several hours 
after the main body of larvae were in the water at bottom of the incubator vial. 


In arranging for the incubation of Tabanus larvae I am accustomed to use 
a large glass vial in the bottom. The egg mass is then suspended in the vial over 
the water, usually by placing the stem or leaf to which the mass is attached again- 
st the side of vial, and pressing a cotton stopper into the mouth of the vial tight 
enough to hold the egg mass in position. When the larvae emerge they fall into the 
water where they will remain alive for several days if undisturbed. The young lar- 
vae of Tabanus phaenops and those of the unidentified species from Alturas sink to 
the bottom of the water and remain there alive and in good condition, without ris-~ 
ing to the surface for air. On the other hand newly emerged larvae of Tabanus pune. 
tifer remain at the surface of the water constantly. In all these three species ¢ 
the first molt occurs within a very few hours after hatching, and the coat skins 
are to be found floating in the water. 


Mitzmain is the only author I find mentioning the molting of Tabanus lar- 
vae. He noted 3 molts in the case of the larvae of Tabanus striatus in the Philip- 
vines, as follows: 1st. molt begins with larvae 7 days old, the majority molting 
before the 10th day. The second molt usually occurs after an interval of at least 
four days, and in some 2arvae as much as 8 days, that is, when 15 to 18 days old. 
Me 3rd. molt which discloses the papa, is very variable as to the time of its oc- 
nurrence, some individuals not pupating unitl 3 months after the larvae emerged 
from the eggs, the majorith however, pupating in a much shorter time. In fact Mitz- 
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main reared fliesfromrdseposition of sggito adult in 52 days. 


As was stated in the beginning, the eggs are deposited above situations 
suitable for the development of the larvae, so that the young larvae when they 
drop from the egg mass immediately find themselves at home. If it is a species 
Which lives in mud under water the eggs will be found overhanging water, and upon 
dropping from the eggs the young larvae will simply sink through the water to the 
mud beneath. If it is a species which prefers mud not submerged, the eggs will be 
found in thé right position and the larvae upon dropping to the mud, immediately 
burrow into it. 


The food of Tabanid larvae consists of small crustaceans and other minute 
forms of animal life of a soft texture. As the larvae increage in size they may 
take coarser food. In breeding jars I have seldom used any other food than earth 
worms cut into sections, and such small forms of life as may be gathered up with 
the mud placed in the jar. The larvae are cannibalistic and eath each other read—- 
ily. Mitzmain states that the larvae of Tabanus striatus seem to prefer their own 
kind even when other food is available. For this reason it is well in attempting 
to rear larvae of this genus, to place but one larvae in each rearing jar. Howe 
ever, I have in some cases successfully reared more than one individual in the same 
jar. ; ; 


Sometimes it is much easier to locate the larvae of a given species than 
the eggs. In most cases in myyown experience I have found the larvae first. In 
the mountain valleys of eastern California where considerable areas of pasture 
land are irrigated, the larvae of Tabanus phaenops are to be found in tow places + 
where the ground is continuously wet. ‘They are usually quite near the surface, 
and can be located by scratching in the mud and grass humus with the fingers. 
Where there is an accumulation of old dead grass matted down in water, larvae are 
frequently found in this grass. Whil@ this species prefers quite wet “conditions 
it is capable of withstanding considerable drought. In making a test of. drought 
resistence I allowed one or two breeding gars containing larvae of this species to 
dry out completely. One larvae survived these conditions and produced a perfect 
adult. The exact length of the larval stage of this species has not yet been de- 
termined. 


I have found the larvae of Tabanus punctifer to be quite numarous along 
the shore of a lake in the Sierra Nevada mountains, There was considerable débris 
weeds, grass and bull rushes washed up on the shore. It was in this mass of par- 
tially decomposed vegetation kept saturated by the waves of the lake, that the lar- 
vae seemed to flourish. 


Another Tabanus larvae of an unidentified species was found in the ‘same ¢ 
general gexervalxdocality in the moist earth along the sides of small rivulets high 
‘up on the lower mountainsslopes. 

: 
Prof. Hine records finding the larvae of Tabanus vivax in Ohio in the © 
mud of a stream bed under riffles. 


Likewise, King found larvae of Tabanus kingi in the Egyptian Sudan, under 
tones in a shallow stream where the water rippled over and around the stones, 
The larvae were usually found under rocks not covered by water. These larvae pos= 
lessed pseudopodia specially fitted for clinging to the stones and crawling up to 
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the surface of the water to breathé, 


: The same writer found the larvae of Tabanus ditaeniatus living in mud 
at the bottom of a more sluggish stream, and coming to the surface of the water x: 
periodicaily to breathe. 


King also mentions rearing adults of Tabanus par from eggs obtained in a 
cage. The Larvae were kept in jars of mud, and this mud was allowed to dry up 
several times, and f6r a period of 57 days no growth was made, yet when normal 
conditions were restored, the larvae began to grow and com” sleted development. 
This is somewhat in line with my own experience with Tabamis phaenove, already 
mentioned. 


In the Philippinés, Mitzmain found larvae and pupa of Tabanus striatus 
in large numbers in sand at many points on the shore of Laguna de Ba Bay» 


Neave records finding Tabanus larvae in Northern Rhodesia in July and 
August in the sand and mud of river banks. They often occurred especiall} if the 
mud was inclined to be dry, at a depth of as much as 6 or 8 inches, 


According to Hine some species of Tabanus larvae live in water for a 
time and crawl out into dry ground, consequently one often finds Tabanid larvae 
by digging in dry ground along the borders of ponds. He also states that the lar- 
vae of Tabanus stratus are sometimes found in totten logs. It is puobable that 
Hine uses the term "dry ground" in a comparative sense, and that both the dry 
ground referred to and the rotten lags, contained some degree of moisture, 


The length of the larval period varies greatly in different species, and 
even among different individuals of the same species, The shortest periods for 
this stage are, found as might expected, in the tropics. Thus, Mitzmain records 
a@ minimum terval period of 9 days for Tabanus striatus in the Philippines. The 
maximum period is given for this species as’ 3 months. Neave gives the larval ver- 
iod for Nyasaland Tabanids as 46 months or more, 


In Ohio, Hine found, in rearing Tabanus lasiophthalmus under laboratory ¢ 
conditions that in one instance the larval period was from June 30 to March 10, 
approximately 8 1/2 months. In the case of the species which I have been studying 
in the Sierra Nevada Mountains, the larval periods have not yet been determined, 
but all signs point to periods extending over two winters. As a matter of fact, ¢ 
data on the larval periods of species of Tabanus,.are very meager. 


When the time for pupation arrives the larva ussally secks drier quarters, 
though some moisture is usually netessary to maintain life during this period. 
Larv2e living in the mud of stream beds usually work their way to the drier soil . 
of the stream banks in preparation for pupation. Pupae of most species are much 
more difficuit to locate in nature than larvae. The length of the pupal period is 
usually comparatively short. Mitzmain gives the period for Tabanus striatus in the 
Philippines as from 3 to 7 days, while King records that of Tabanus par in the 
Anglo - Egyptian Sudan as 6 to 8 days. Neave states that this period in Nyasa- 
land Tabanids varies from 10 to 16 or 18 days. In rearing Tabanus lasionvhthalmus 
in Ohio, Hine found the pupai period to be 16 days. 
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My records show that under laboratory conditions in the Sierra Nevada 
Mountains this veriod in Tabanus phacnops ia from 14 to 22 days, while that of — 
Tabanus vunctifer is 27 to 28 days. 





The shortest life cycle from egg deposition to emergence of adult, which 

I find recorded, is 48 days, in. the case of Tabanus ditaeniatus in the Anglo- Egy- | 
ptian Sudan. King gives the life cycle as 48 to 131 days. . | 
| 


Mitzmain found the minimum life cycle of Tabanus striatus in the Philip- 
pines to be 52 days, 





The life cycle of Tabanus lasiophthalmus was found by Hine in one instance 
to be about 9 months. He statés that the cycle of Tabanus stygins probably requir- 
eg two years. | 


As has already been indicated in discussing larval periods, it is probable 
that the snecies of Tabanus in the Sierra Nevada mountains require tWu seasons for 
their life cycles, 


Only female adult horse flies attack stock. The males are never found 
taking any interest whatever in warm blooded animals. Thésr food consists of the 
nectar of flowers and other sweet substances. Females also feed readily on sweet 
substances. I have quite often captured a few in a fly trap baited with banana, 
It appears that the primary object of the blood meal is to enable the female to 
develop eggs, althoughtthis diet may also be taken for nourishment. 


The males are usually to be found in the grass, or the foliage of trees 
or on the trunks of trees and when the females are not sucking blood they will 
usually be found in the same situations. 


In temperate climates females are most active on still sunshining days. 
It is useless to exvect to find them flying on cloudy days or whén strong wind is 
blowing. 


In taking a meal of blood a female Tabanus will usually insert and with- 
draw the beak several times, puncturing the skin of the host in a new place each 
time, before finsihing the meal. The length of time occupied in taking a meal in 
cases observed by me has varied from abéut 3 to 11 minutes,and during this time 
the position may be changed 5 or A times. Mitzmain has seen Tabanus striatus in 
the Philippines feed for 23 minutes. 


I have allowed flies to bite my arm and feed to satiety. It is not a con 
tinuously painful proéess. The only part of the performance that is vainful is 
the insertion of the beek, which takes but a few seconds. After that the drawing 
of the blood by the fly causes no sensation whatever in the arm. WNowever, the 
habit of changing position so often during & meal is somewhat annoying. 


Horses are much more nervous under the attacks of Tabanus than cows. The 
latter often allow the flies to feed without much of any attempt to brush them 
off, but a horse fights constantly. Where the attacksis severe, the horses ina : 
pasture will bunch up together for mutual protection in rubbing against each other. 
Under such conditions it is possible that each fly will attack several horses be- 
ing brushed off several times before the meal is finished. This makes an ideal 
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condition for the spread of disease, if there are diseased animals in the herd, 


This habit of bunching up under fly attack applies also to cattle, where 
the attack is severe. 


I have never succeeded in obtaining any data on the number of blood meals 
a female will take. Mitzmain states that in the Philippines, females of Tabanus 
striatus bite not oftener than once in 2 days. 


No universal remedy, or control measure, for horse flies can be given, 
owing to the diverse habits of the different svecies, In ail cases, some knowl- 
edge of the life histories and habits of the species involved is necessary, before 
any one can intelligently det in motion control measures, and I may say here, that 
the life histories of very few species of Tabanus are now Known. 


In some cases drainage of the larval habitat would undoubtedly be a good 
control measure. But the degree of drought resistance of the species in question 
should be ascertained before placing reliance upon this method of control,: 


In Russia a species of Tabanus has the habit, in the adult form, of fly- 
ing to water and dipping the abdomen, Porchinski, the Russian entomologist advo- 
cates the oiling of the surface of the water as a control for this species. It ap- 
pears that Porchinski has used this method with good results. He appiies the « 
equivalent of a half pint of kerosene to six square feet of water surface. If 
this was not sufficient to do the work, a like amount was used the next morning. 
Tt must be borne in mind however, that not all species of Tabanus have this dip- 
ping habit, and that in ofder to make the measure effective, the water would have 
to be comparatively still, as otherwise the oil would soon vass off with the cur- 
rent, 
an 

Occasionally the importation of egg parasites may be/effective control 
measure. At the present time, Tabanus punctifer in the Antelope Valiey, Mono Co., 
California, is effectively controlled by an unidentified hymenopterous egg parasi- 


te. 


Hine mentions the fact that in confinement, small catfish eat the larvae 
of Tabanus stygits. it is possible that the stocking with catfish streams inhab- 


ited witn Tadanus larvae, might have good results. 


In the way of protection of animals from the attacks of adult flies, var~ 
dous davices have been tried, such as nets, hoods etc. In the Sierra Nevada 
Mountains, I found , in one locality, a very useful horse hood in use to ward off 
the attack of Tahans phaenons, This species attacks most viciously about the 
head and neck of horses. The nood is a simple arrangement made of light canvas to 
slip over the head and neck, with eye and breathing holes at the proper places, 


Various repellents, mostly of an oily nature, have been tried as sprays, 
by different investigators, but none of these has proyen very satisfactory as the 
effect is not lasting. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 
OF DISEASE, HYGIENE AND SANITATION. 
Lecture 21. FLIES AND LICE IN EGYPT. 


October 7, 1918. Hi. A. Ballou. 


Egypt, among its other characteristics, ig a land of flies. Whether 
they have been abundant there ever since the days of the plague of flies of 
Moses and Rameses may be open to argument, but there can be no doubt that in 
these times the abundance of Elies is one of the things that strikes the vis- 
itor to the land of the Pharoahs, 


I had the good fortune to live in a small village where flies were not . 
very troublesome, and that, in spite of the fact that a fairly large veberi- 
nary camp was situated in the village. This camp was in charge of British Ar- 
my officials and the village itself had been planned and built by a company, 
most of the stock holders and officials of which were British subjects, if not 
indeed actually natives of Great Britain. 


The nativesvillages in the agricultunal districts and the native sec- 
tions of all the latge cities and towns are and I suppose always have been in- 
fested with swarms of flies. 


This state of affairs results from the manner of living of the people, 
the nature of théir religion and their superstitions. 


As to the first of these noints, The Egyptians have always been an ag- 
ricultural people, that is to say, they live on the land and by the land. Most 
of them are peasants or small proprietors, a comparatively few are wealthy. In 
the past few years a fairly large number of them has become well-to-do. 


-Egypt is a country practically without a rainfall. Within present geo- 
logical time it has never been forested. The people throughout the whole of 
their history have been accustomed to live in dirt and dust, and they have not 
had wood for building houses of for fuel. They live in houses of sun-dried mud 
and they burn for fuel the manures of their domestic animals. | 


The space available for village sites is limited to slightly elevated 
spots, which are generally too high to be irrigated and are thus useless for 
Planting, and they are to some extent above the reach of flood and infiltration 
of water. Very often these mounds are the covered-down ruins of forgotten cite 
ies or towns. ‘The houses are vlose together, often there are no proper streets 
and the viliages are walied about as a protection against thieves and -robbers. 
There are usualiy no barns or sheds for the animals and these are housed in the 
houses with the family or on the house top. 


The dung for fue]. is mostly made up into small cakes and these are dri- 
ed in the sun and stored in the houses, often in an ornamental parapet. For use 
in these cakes the dung of cows and the water buffalo is used. This is mixed 
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with leaves, straw, etc. Horse or donkey manure is used by itself mostly as a 
fine dry dust to oroduce a quick fire for baking. 


It will be seen from this that the Egyptian has no idea that manure is 
unclean as we understandiit. 


In the absence of rain the Egyptiansvillagesis always dusty and the dust 
is a mixture of soil, manute and anything that can be dried by the fieree sun 
into dust. 


The Egyptian has no idea of sanitation. It is one of the commonest sights 
in all parts of Egypt where I have been, to see in the morning hours the men squat- 
ting in the open for their morning relief. 


The very wealthy and the residents in the larger towns and cities may 
have some form of vrivies, but the open field is habitual scene 6froperation 
for the great bulk of the people. 


They have no more idea of the proper disposal of garbage of any sort 
than of the manure of their animals and their own ordure. 


The moicture necessary to maintain all life in these situations comes 
from irrigation canals supplied by the waters of the Niie. Every village is 
situated on or near a canal which supplies drinking water, serves as a place for 
washing clothes, for bathing, and as a lace for disposing of anything that is 
to be thrown away, from a dead calf to a broken water Vessei. 


As to the second point. One of the tenets of the Mohammedan religion is 
that the good Muslem is not allowed to take life not even of the least of God's 
creatures. 


In connection with the third of these points, it need only be stated 
that the Egyptians are very superstitious about the Evil Eye. This appiies 
particularly to the children, who must not on any account be admired or called 
pretty. It would be difficult to keep them clean, hut nobody wants them to be 
clean. 


It is unnecessary to give details as to the degree of fly infestation 
that may be seen ina native village or in the native quarters of the towns 
and cities. The relations of flies and children may be mentioned. 


Very young children are often to be seen with their faces so covered 
with flies that it is difficult to tell the coior of the child's skin. They 
swarm in the eyes, nostrils and mouth, and cover the whole face. I have eften 
seen a small child being held or tended by another not much bigger, raise its 
hand to brush away the mass of flies on its face and be prevented from doing it~ 
They are from the earliest childhood accustomed to the presence of these insects, 
and after being prevented from disturbing them during the early months of life 
they donnot seen to mind them. 


As a result of this condition of things, eye diseases are very prevalent 
in Egypt. I should not think there could be any place insthe world where bad 
eyes are so often seen as in Egypt. The natives are often short sighted. For 
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instance, very few of them can read their newsparers without bringing them up 
to two or three inches of their eyes and then it is obWious that only one eye 
is used in reading. It is a curious sight to see these people reading in the 
trains and other public places. 


This condition is probably the result of some form of ophthalmia and is 
quite different from the one~eyed condition so often seen in Egypt in consequence 
of wilful mutilation of an eye for the purpose of evading military conscription —~ 
or the payment of the small sum required to purchase exemption. 


THE SULTAN'S FUNERAL. 


On the day of the funeral of the late Sultan, His Highness, Hussein Kamil 
Pasha, in October 1917, a party of us gained admission to a balcony overlooking 
the street in the business part of Cairo. When we arrived, there were a number 
of people already there. They seemed to be Italians or perhaps Syrians, we could- 
nt tell: they spoke French. 


Among them were a number of childre, six or seven in number, the eldest 
being about 16 or 17 years and the youngest some 7 or 8 years of age. After a 
time I notices in the hair of the eldest, a girl of the brunette type with very 
dark hair, a whitish streak across the side of the head from near the forehead 
well back to where the hair was gathered into the long braid which hung down her 
back, This white streak must have been about an inch and a half to two inches 
in width and some five or six inches long. I saw that the whitish appearance 
was due to the presence of masses of nits of the head louse. I then noticed the 
heads of the other children there and found that they were all the same, Every 
head was full of nits. 


I actually saw the lice crawling about in the hair of these children 
and though I watched them pretty constantly for about two hours, except for a 
few minutes when some parts of the funeral procession were passing, I did not 
once see anyone of them attempt to scratch or in any way take notice of the ir- 
ritation which must have been caused by the lice, or give any indication that 
they were in the least aware of their presence. 


The general appearance of these children was one of a fair degree of 
neatness and cleanliness, and yet they were so inured to the attacks of these 
parasites that they paid not the slightest attention to them. I have never seen 
anywhere such a heavy infestation of these vermin. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 
OF DISEASE, HYGIENE AND SANITATION, 
Lecture 22 BIOLOGICAL NOTES ON THE BLOOD SUCKING FLIES. 


October 14, 1918. By W, D, Pierce, 


Mr, Webb in his lecture has given us avvery comprehensive view of the 
life hittory and habits of the horse flies of the genus Tabanus. In lecture 19 
we presented the data on transmission of diseases by the blood sucking flies and 
by reference to this leéture it will be seen that quite a number of generaibelong 
ing to several families of flies are concerned in disease transmission. It wili 
be the aim of this lecture to present some of the salient biological facts concern. 
ing these genera so as to prepare the sanitarians for controlling these species 
in his territory, which might cause disease. 


- The insects we have especially to deal with in this lecture are found 
in the sand flies of the genus Bhlebotomus in the family Psychodidae; the horse 
flies of the genera Tabanus, Atylotus, Haematopota, Chrysops and Chrysozona, of the 
family Tabanidae; the biting flies of the genera Stomoxys, Haematobia, and glos- 
sina of the family Muscidae, and the parasitic flies of the genera Melophagus, 
Lynchia, Hippobosca, and Ornithomyia of the family Hippobascidae, 


There are of course many other genera of blood sucking flies which may contain 
potential disease carriers. Interesting discussions of these flies are to be feu 
found in the books by Hindle, and Patton and Cragg. 


FAMILY CHIRONOMIDAR. 
Midges. 


Thé little midges of this family are often mistaken for mosquitoes 
to which they are somewhat related, Their young are the well known blood worms 
in streams and stagnant pools. Of the five subfamilies only one, the Ceratopog6- 
ninae contains blood sucking forms. The eggs of Chironomidae are small and ovoid, 
or long and pointed at their extremities, and are laid either in a gelatinous 
string of mucus or separately. The larvayconsists of thirteen segments, with 
head directed downwards, and mandibles well developed. On the ventral surface 
of the eleventh segment and the extremity of the twelfth, there are delicate finy 
ger like processes, usually four in number, which serve as tracheal gills. The 
pupa is free and either lives floating in water without any movements or rests 
on the bottom of the pool. It has a tuft of delicate white threads on the dersum 
wixtkexdarsux of the thorax, which serve sas breathing tubes; or it may have a 
pair of respiratory trumpets. 


Narpauthea torrens a mountain form in North America is a voracious 
blood sucker, attacking man and animals, usually on the head, ears and eyes. Its 
life history is unknown, 
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Mycterotypus bezzii and M. irritans of Southerh Europe are voracious 
blood suckers, biting humand beings , as well as animals, and causing inflamma- 
tory swellings. 


Ceratopogonsis a large genus containing a number of blood sucking 
gnats cllled "punkies," found in various parts of the world. Some of the Asiatic 
species attack blood sucking mosquitoes and draw blood from them, It is there- 
fore possible that these insects may play a role in disease transmission. They 
are very small, measuring less than 3 mm, in lenght. Oniky the females are blood 
suckers. They bury themselves oftan among the hairs of the host and are not rec- 
ognized until they become replete with blood. They often cause great distress on 
account of their numbers and the irritation produced by their bites. The differ- 
ent species choose different parts of the host for attack, as for example some 
select the face, esvecially the margins of the ears and eyes, while others may 
attack the arms or legs, 


Forcipomyia utae is ‘hought by Townsend to cause the>South American 
disease, uta. Forcipomyia is considered to be a subgenus of Ceratopogon. Lar- 
vae have been found in brah holes and below the algal crust on the sand along the 
sea shore in South Amefica. 





Culicoides is another large genus of midges very similar to Cerato- 
pogon, and contains many blood suckers. Only the females bite. The larvae are 
found in water under various conditions. When searching for larvae where the 
adults ane abundant they may be found by gathering in a white tray, some of the 
green vegetable matter found at the edges of streams. The flies can be bred by 
placing the pupae on moist filter paper in tubes closed withtmoist cotton, 
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The genera Johannseniella and Haematomydium abéo contain blood suck- 
ing midges. . 


FAMILY SIMULIIDAE, 


Buffalo gnats. 


The buffalo gnats of the genus Simulium are sometimes also called 
sand flies and turkey flies. This is a large genus of voracious flies which of- 
ten are so numerous as to cause great distress and even death to men and animals, 
Sambon considered Simulium as the carrier of vellagra, but his theory has not 
been substantiated, Jobbins~Pomeroy has given quite a full treatment of the life 
history of several species of this genus and Malloch has presented a classification 
of our American forms. The larvae breed usaally in swift flowing water. 


The eggs are small rather triangular or ovoid objects, somewhat yel- 
lowish in color in a few days. They are laid in masses on grass blaces, or leaves, 
or on stones and ohter forms of debris at the surface of tHe water or under the 
surface, The ege stage varies in each species aécording to the temperature, but 
in Jobbins-Pomeroy's studies of five species, the incubation period ranged from 
7 to 13 days. A single female may lay from 500 to 1500 eggs according to publish 
éd claims. 


The larvae are invariably aquatic, and are quite characteristically 
marked by the possession of two large appendages on the head in front of the ane 
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tennae, which are provided with fans of long hairs. These fans serve to brush 
food particles into the mouth of the larva, 


The mesothorax is provided with a single retractile proleg armed at 
its apex by a circular vow of short hooklets or spines, This pseudopod with its 
sucker is used by the larva in attaching itself to objects. A similar but lar- 
ger sucker-like disk is situatéd on the caudal extrerity of the larvae. Respir-~ 
ation takes place through rectal gills located dorsaily to the caudal sucker. 
These gills are retractile into the rectum, but are usually extended in running 
water, They function both as blood gills and tracheal gills, The structure of 
these gills affords characters of value for the identification of the species. 


The larvae attach themselves by the caudal suckers arid float in the 
stream catching their food by means of the fan-like processes on the head. Whon 
disturbed, or if the stream diminishes, the larvee let themselves float down the 
stream attached by a siiken thread to a permanent object, by which they can reu 
gain their forme: position. When about to pupate the larva spins over itseif a 
pocket shaped pupal case. The pupae are provided with respiratory organs on each 
side of the thorax. These are composed of dong chitinous tubes with a single main 
stalk and four or more divisions. Good specific characters for identification 
are found in the structure of these respiratory organs, 


The developmental period of Simulium in South Carolina is about 7 
days for the egg, 17 days for the larvae, and 4 for pupa, The number of genera- 
tions depends upon the species and the season and may range from one to six or 
more generations. 


FAMILY PSYCHODIDAE, 


Pappataci flies. 


The owl midges, are small moth-like flies. Only the genus Phleboto~ 
mus contains blood sucking flies, which are often called sand flies, The vappa- 
taci fly Phletotomus’ papatasii, cause of paprataci fever; P. manutus, a vossible 
carrier of bagdac sore, and P. verrucarum, supposed carrier of verruga, are the 
only species definitely charged with carriage of disease. Only the females suck 
blood. They deposit tneir eggs in damp dark places, in clusters or singly, to 
the number o” from 30 to 80, The eggs are covered with a thin coating of a stick- 
y substance which causes them to adhere to any surface. They are very elongate, 
dark brown, with longitudinal black wavy lines. The incubation period is from 
six to nine deys. The iarvae live in damp earth. They are very peculiar, hav- 
ing large well marked heads with big jaws, which have four distinct teeth. The 
body is covered with toothed spines and the posterior end bears two pairs of very 
black caudal bristles, one pair of which are as long as the body. The barwa feeds 
on seinidecaying vegetablesmatter. The pupa is remarkable for the large ridges 
andcexcrescences on its thorax. The larval skin usually remains adhering to the 


caudal extremity, 


These flies breed in wrevices of stone walls and fissures between 
rocks in caves, in dirty damp cellars,and on the damp walls of latrines and cess- 
pools, and wherever there is damp ground in dark places, Lizards frequently serve 
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as blood hosts and are considered the reservoirs of the fevers carried, especial- 
ly pappataci fever. 


FAMILY CULICIDAE. 


The mosquitoes which in an orderly arrangement would be treated here 
have been considered in other lectures 


The families so far discussed belong to the Nematocera, the mext fam- 
ily belongs in the Brachycera. 


FAMILY TABANIDAE, 
Horse flics. 


The family Tabanidae, contains the horse flies, gad flies, deer flies 
many genera anc species of blood suckers. The males thioughout che tamily are 
flower feeders or fegd on vegetable juices, and so likewise are the feaales in 
many genera. The eggs of Tabanidae are commonly said in large shepely masses on 
the leaves and stems of plants growing in marshy ground, or overnsuging water: 

In some species they are deposited on stones or rocks above the water of streams, 
and are very diffivult to discover. 


Mr. Webb has discussed for us the habits of Tabanus. We have seen 
in lecture 19 that species of Tabanus can carry the animal diseases anthrax, nae 
gana, soura, surra, and mbori. The genus Atylotus can carry nagana and dowring; 
Haematepota, surra and equine. infections anemia;Chrysops and Chrysozona are prob« 
able carriers of equine infectious anemiaa various other genera are bad blood- 
suckers, esvecially Pangonia. 


Tabanid larvae grow very slowly, feeding at first on small crusta- 
ceans which are abundant in water and moist earth. The larger larvae of many 
species feed airost exclusively on earth worms, whose body juices they suck out, 


Although the larvai stage may require months for development the pupal stage will 
usually be short. 


The flies of the family Musci¢as are mostly not blood sucking flies. 
Principal among these genera which have the mouth shaped for blood sucking are 
the genera Glossina, Stomoxys, Lypverosia, Philaematomyia and Haematobia. 


Blood sucking fly larvae. 


The genus Auchmeromyia of Africa is very peculiar in that both lar- 
vae and adults are blood suckers. The adtlts are blood suckers, The adult flies 
are semeitive to light and are usually found in the darkest parts of the native 
huts. Tne fomales have two periods of oviposition about one month apart, and may 
deposit) a totasi of as many as 83 eggs. They oviposit on the ground in the huts, 
preferebly wher® urine? has been voided, The larvae are exclusively blood feed- 
ers. They aire abic tu resist starvation for long periods, If fed regularly they 
may mature in about 15 days. They remain in hiding during the day and suck the 
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blood ofsleepers at night. Pupation occurs in the puparium or last larval skin. 
The fly is vrobably spread from village to village in the egg or larval stage in 
the dirty mats which the natives carry about with them, 


Traverers in Africa should always avoid sleeping in native huts of on 
the ground in the vicinity of corrals or native villages, because of these lar- 
vae and also many other venomoug and disease bearing pests. 


The African genus Choeromyia algo has blood sucking larvae which at- 
tack by larvae is not to be confused with the myiasis caused by the larvae of 
related genera, because these Zarvae are free living and do not remain attached 
to the host. 


Biting species of Musca, 


The genus Musca apparently is a transitional genus as it contains 
both nonblood sucking and blood sucking flies. Musca pattoni, M. Gibsoni. Me 
convexif rons, M. nigrithorax, and M. corvina, all of India except the last which 
is European, are biooc sucking. But these flies are incapable of puncturing the 
skin of an animal. They feed on the blood and serum exuding from the bites of 
othersblood sucking flies. These flies breed in cow dung. M. pattoni always 
deposits in dung where it is collected in heaps, while gibsoninaand convexifrons 
deposit in isoiated patches of cow dung. 


True biting flies. 


The true biting Muscids belong to the subfamilges Stomoxydinae, Glos- 
sina, and Philaematomyinae. 


Philaematomyia is a genus closely resembling Musca in appearance. It 
contains three Asiatic species, of which the best known is P. insignis, which 
only attacks cattle. It breeds in cow dung where it is collected in heaps. Both 
sexes feed on blood although they have also been seen feeding on cow dung. This 
habit would surely make it possible for the fly to mechanically carry infectious 
diseases from dung to blood. It breeds quite rapidly 


Stable Flies. 


Stomoxys is a genus found principally in Asia and Africa, although 
S. calcitrans, the well known biting stable fly is almost world wide in its dis- 
tribution. This species is capable of carrying rodent plague, anthrax, septi¢ae- 
mias, nagana, souma, dourine, surra, baleri, and Gambian sleeping sickness, and 
has been seriously suspected as a possible carrier of equine infectious anemia, 
poleomyelitis and pellagra. 


A very complete bulletin by Bishovp is available for free distribu- 
tion, describing the life history and control of the stable fly, so that it is 
not necessary to give a full discussion in this lecture. It generally breeds 
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moist straw and hay. Stacked straw which has been wet and partly rotted and 
“hence is no longer available for stock food is a very favorable place for the 
fly to breed. Such straw should be dried asssoon as possible by scattering and 
either burned or plowed under. The stable fly does not often develop in manure, 
but where it does it may be controlled by measures taken against the house fly, 
This species is very annoying to mules, horses and cattle and often to man. 
Horses and mules often become frantic in their efforts to escape the flies, 


As much care should be taken around army cantomments to prevent the 
breeding of the stable fly as the house fly. They are carriers of entirely dif- 
ferent series of diseases and both are dangerous. Especial care mist be observed 
to prevent breeding in straw which falls out of the stalls and windows of the 
stables. In one camp where the stables adjoined the road considerable straw had 
fallen out of the windows and lay outside the building in a place where the horses 
did not come, so apparently no one thought of removing this straw with the daily 
removal of manure. Here was an excellent place for Stomoxys to breed. In another 
camp and possibly several, marine weeds andddebris are washed @shore and form con- 
siderable masses. Stomoxys breeds in this camp in such debris. 


Horn Flies, 


Haematobia sansuisugens is an Indian bdood sucker which attacks cat- 
tle and horses, 


In lecture 19 in the discussion of anthrax I mentioned Haematobia ir- 
ritans, the horn fly. This species has been removed from Haematobia and belongs 
to the genus Lyperosia. Correction should therefore be made of above reference, 
Lyperosia irritans and L. exigua are the two commoneat blood suckers of this gen- 
us. The latter is oriental. The horn fly was treated very fully by Marlatt in 
a circular now out of print. This species is so called because of the habit of 
the adults of clustering on the base of a cow's horn, The flies also cluster of 
other parts of the animal and cause great annoyance. Even when not feeding the 
flies rest on the cattle. The eggs are laid singly on the surface of wet dung, 
The moment the dung is dropped a swarm of flies dart from the animal to the dung 
and remain there a few seconds, during which time many eggs are deposited, The 
flies immediately retura to the cow. The larvae migrate from the dung when about 
to pupate and the puparia are asually found at some distnace away or under the 


sides of the patch of dung. The horn fly in America requires about 17 days from 
egg to adult, 


Protection of the animal from the horn fly by the use of repellents 
is suggested. In this connection Grabill's bulletin cfi revellents should be con- 
sulted. One of the best methods of control is by the use of dipping vats and the 


cattle dip of the Bureau of Animal Industry, now used in the control of the Texas 
fever tick, 


Two practical methods are available for attacking the larvae and pu- 
pae. One is to throw lime on the dung, but the better method is to spread out the 
dung so as to favor its rapid drying or to allow a number of pigs to run with the 
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cattle. In their efforts to obtain undigested food particles the pigs will ef- 
fectively destroy the sung as bredding places fér the fly, 





The tsetse flies of the genus Glossina are among the most dreaded ine:- 
sects of Africa. They are the carriers of three or mort types of sleeping sick. 
ness, of aino, nagana, souma, horse sickness, baleri, and other trypancsomiases 6f 
many domestic and wild animals. There are quite a numver of species, and probably 
all are important, but @ morsitans and G. valyvalis are the best known, Excel- 
lent discussions of each of the important species and tables for differentiation 
are given in the text books quoted in the bibliography, 


5 The reproduction in this genus is very remarkable, resembling that of 
the Papipara and is probably the result of their exciusively blocd-cucking mode of 
life. The female lays a single larvae at a time, which is retained and nourisued 
in the cviduct until it is fulingrown., After the larva ig born it at once burrows 
into the ground and pupates. The larva is generally of a yellowish white color 
and bears at its posterior extremity a pair of iarge dark colored protuberances 
between which is a depression into which open the spiracles, I+ pvupates within 
the puparium or last larval skin. The puparium is broadly ovoid in shape and by 
its caudal appendages affords a means of distinguishing the species. 


The habitats of the various species should be rather thoroughly stud- 
ied by any one expecting service in the African tropics. In general the flies 
are found in moist forest regions, especially along river courses, but the temp- 


erature, moisture and shade requirements seem to vary for the different species. 
PUPIPARA 


The suborder Pupipara is composed of several families of the queerest 
flies in the order. The insects of the families Nycteribiidae, Streblidae and + 
Hippoboscicae are all ectoparasites on warm blooded vertebrates. All of the Stre- 
blidae and Nycteribiidae of which the life history is known are parasitic on bats 
and some of them are quite probably the carriers of bat diseases. In the family 
Hippoboscidae we find the genera Lynchia, Hippobosca and Ornithomyia, mentioned 
in Lecture 19 as carriers of disease, and also Melophagus to which belongs M. ovi« 
hus, the cheep tick. The flies of the genus Lynchia which carry pigeon malaria 
live aimost exclusively on Pigeons. They deposit larvae in the pigeon houses; 
thesé iarvae become puparia in an hour. Hippobosca is composed principally of 
species parasitic on mammals, one of which is thought to carry the gall sickness 
of horses in Sovth Africa. The families deposit larvae which are incapable of 
movement, They slowly darken until the puparium resembles a seed. Lipoptena cone 
tains deer parasites. Melophagus ovinus is a wingless fly which lives on sheep, 


Outssde of the stable fly control measures for biting flies are not 
well worked out. Of course the primary essentials are protection of the animals 
from the bites of the flies and prevention of breeding. 
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LECTURE 23 OF DISFASE JFYGTENE AND SANT TATION, 
October 28, 1°18, ‘DISEASES C/RRTED BY EuLES. / /@/ OS 


W. Dwight Pierce. 


Fleas pass} their innature stages in filth outdoors and in- 
doors. The larvae ‘bréod in dirt and ure usuully to be found where an- 
inals are cormon, ‘but they mey breed in the dirt of kennels and stables 
in the open coumtry, in carpets, and closets of houses and essecially 
in cellars, They are always to be found where rats or mice are com- 
mon, ' : 


Because of the fact that the larva imbibes filth and the adult 
sucks blood, we should seek other Tossibilities of disease transmissioqn 
which have not hitherto been investigated. All past investigations 
w..th fleas have dealt éntirely with the possibility of conveying dis- 
ease by the bite of the adult flea... The work which has been done on 
flies and which was quased in lecture 8 showed that larvae could take 
uz bacteria and that these would jersist into the adult stage. It is 
therefore essential in the future investigations of disease transmis- 
sion by ‘fleas that account be taken of the possibility of the flea lar- 
vae taking un the organism from the filth in which they breed and re- 
taining these orgenisms to be transmitted by the adult. That they do 
this is ia) eas in the case of the tape worms mentioned below, 

Pleas 

ites do carry disease, that we know, But ¢robably they 
can carry diseases which they have never been credited with, There lies 
our field p38 investigation. 


The arrangement of organisms transmitted by fléas follows 
that adopted for previous lectures, 


PLANT KINGDOM. 
THALLOPHYTA: FUNGI: SCHIZOMYCETES: BACTERIACEAR, 


Bacillus pest tis Kitasato, the cause of BUBONIC PLAGUE 6f man 
and rodents is carried by fleas. Nine species of rodents, mainly rats 





and mice, are proven hosts of plague. The following fleas have been 
proven to be carriers of the organisms, Xenonsylla cheopis, Ceratophyl- 
lus <asciatys, C. acutus, C. selantiew?. Puluz irritans, Ctenocerhalus 
canis, Leptopsylia 1 musculi and Pygiorsylla ahalae. 


The first successful record of transmission of plague by fleas 
was made by Simond in 1898, and corroboration was first obtained by 
Verjbitski in 1903 and Liston in 1904, 


Many other workers have since then =roven the role of the 
flea in carrying this diséase. A synopgis of the evidence is rresent- 
ei hy Ferms in. his texthookr, The flea takes up the organism with the 
blood of the host. The stomach of the rat flea, Xenopsvlla/ cheopis, is 
capable of receiving as many as 5000 perms while imbibing the blood from 
aplacue rat. Both males and females may ezrry the infection and they 
may remain infective during ahcepidemic for 20 days. The Indian Plague 
Commission only found the bacilli in the stomach and rectum of the fleas 
and never in the salivary glands or body cavity and rarely in the oesop- 
hagus. They. conclude that the normal course of the bacilli is to be voi- 
ded.in the feces and be inoculated by scratching in of the feées. Bacat 
and Martin however, have come to the conclusion that plague can be trans- 
mitted during the.act of biting when a terporaty blocking or obstruction 
of the proventriculus takes place causing bacillus-laden blood to be for- 
ced back or regurgitated into the wound, thas producing infection, 


| Pacillus tularense McCoy and Chapin, cause of a fatal RODENT PLA 
GUE, which affects the California ground squirrel, Citellus beechevi 
may also. be transmitted by fleas. McCoy and Chacin placed fleas (Cerdto~ 
phvllus acutus and C, fasciatus) with an inoculated guinea pig and al- 
lowed ther to remain there until the antral died. They were then col- 
lected, and crushed and inoculated into healthy guinea cigs. The four 
animals inoculated with crushed C. fisciatus immediately after the fleas 
were removed from the dead guinea rig, died of the disease; two of four 
inoculated after 24 hours, died; and one out of four inoculated after . 
48 hours died. Two out of four animals inoculated with crushed C. acu- 
tus imrediately after removal from the dead guinea cigs, died, but none 
died that were inoculated on subsequent days, although sore developed an 
apparently chronic form of the disease, They also succeeded in obtaine 
ing one actual case of transmission, About 100 fleas collected from an 
animal dead of ‘the disease were ylaced in a clean cage with a healthy 
ground squirrel, It died 15 davs latenand presented the usual lesions 
of the zlague-like disease, the bubo being in the neck, 


ANIMAL KINGDOM, 


PROTOZOA. 


Mastigonhora: Binucleata: Trvmanosoridae 
en ce neater noe Ona cht Doel ertenh md 


Trynanosoma blanchardi Brumpt , cause of a trypanosomi desis ,sup- 
rosedly nomathogenic, in rodents of the genera Myoxus and Mirrotus has 
been found by Brumpt (1913) to develop in the flea, Ceratophyllus laver- 
ani. The life cycle is identical with that of T. lewisi and T, nabiasi 
and is e*fented entirelv in the larze intestines of the flea. Metacycl- 
le trgnanossnes occur in the rectal arpulla and are found in the deject- 
ions. It is not found in the Salivary glands. 





Trypanosoma duttoni Thiroux, cause of. a trypanosomiasis, sup- 
posedly normathogenic, in mice of the genus Mus, has been found by Brump t 
(1913) to develop in the flea, Ceratochyilus hirpndinis. The evolution of 
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This species occurs in the large. intestine of the flea and is compa~ 
rable to that of Ti. lewisi; T.. nabiasi, and T, blanchardi, It is not 
‘ found in the, salivary ghennss 





) 
* 


Tri:anosoma Dewi gi Kent, cause of. trypanosomiasis, rarely path- 
"..Ogenic,,in. rodents of the genera E:inys, “Acanthomys, Mus, Myoxus, and 
Meriones, atce, passes, its cycle of su»orogony in fleas, The life cycle 
has been investigated in Ceratoghyllus faSciatus, Ctenocephalus. canis, 


aetna rh 





“+ and. Ctenowsyl] uusculi, and it has been shown that Pulex irritans and 


‘Xenossylla chedpis may serve as true hosts. In addition Ueratoshyllus 
Ducifer’, C. hirundinis, Ctenozhthaluus agyrtes, and Pulex brasiliensis 
are recorded as carriers. Fanthan, Stezhens and Theobald summarize the 
life cycle in the flea, When,infected blood is taken us by the flea, 
the ¢arasites passvwith the ingested blood direct to the mid-gut of the 
flea. In the stomach they -enetrate the cells of the lining ezithelium 
* and nul tiply by division inside the epithelial cells. They first grow 
to a large size then form large spharical bodies within which nuclear 
Mei tisiication occurs, Any one of these large szherical bodies con- 
tains at first a number of nuclei, kinetonuclei and developing flagella, 
the original flagellum still remaining attached for a time. The cyto~ 
slasm then divides into daughter trypanosomes which are contained with- 
in an envelope, formed by the yeriblast of the parent parasite. Inside 
the periblast envelopes are a number éfudaughter trypanosomes wriggling 
very uctively; the envelope finally oursts and releases them, usually 
about sight, “in the host vell. The »aughter forms escaping from the nost 
cell into the stomach iumen of the Clea are fully formed, long trypan- 
pBomes, Toey tien ass into the rectum, where they assume « crithidial 
phase, and secoie pear- shaped. The xinetonucleus bas traveled anterior 
ly vast the nucleus toward the tlagellum. The crithidial forms attach 
themselves to the ~all cf tue rectum and multiply by binary fission. In. 
this form the ;arasite zrobably exists throughout the life of the insect. 
From the crithidial forms small infective try-anosomes develop. These 
are small, broad and sturmy, with the kinetonuclaus behind the nucleus, 
and the flagellum longer, Brumpt (1913) declares that transmission oc- 
curs exclusively by rodents licking u; the feces of infected fleas. 
These feces contain little metacyclic Be oues Ces which are able to 
traverse healthy mucous. 





The life cycle as described has been figured grachically in 
the s¢me acheme as used in previous lectures, 


Trynanosova nabiasi Railliet, a rabbit tee anosome ,resumpbly 
nonpathogenic, attacks the genus Lepus and was:found by Brumpt (1913) 
to be transmitted by the rabbit fleas Ctenocerhaltis leporis and Szil- 
oz:syllus levoris. The life cycle is identical to-that of Ty lewisi isi and 
has metacyclical forms in the rectum. It is never found in the sali- 
vary glands. | ae 











Tryzanosoua Beech! Brumpt, a trypanosomiasis affecting 
BD cemus Crvicetus, is carried by the fleas Ctenocerhalus: canis, Cterio- 


ae Sosa nernme aan gnome enes eee 


hthaluus assimilis and Cerato-hyllus fasciatus. According to Brumpt 
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(1913). NUller has proven the develorment of this organism in the rec~ 
tum of fleas; The little metacyclic trypanosomes are Sound in the Be 
tal ampulla. 


MASTIGOPHORA: BINUCLEATA: LEPTOMONTDAR. 








Crithidia ctenophthalmi Pattoniund Strickland, is parasitic in 
Ctenophthalmus agyrtes. 


Crithidia hystrichopsyllae Mackinnon, is parasitic in Hystri- 
chovsylla talpae,. ; 








Crithidia oulicis Porter (1911) not Wenyon (1908) is parasitic 
in Pulex irritans., Miss Porter describes its life cycle in the flea. 
The preflagellate stage is grobably taken uo by feeding on dejecta of 
infected fleas, The preflag llateschave @ssomewhatrfrailnarvearance 
Division rosettes are frequefit. The flagellates have relatively short 
free flagellum and a large undulating membrane. These are followed by 

‘a post flagellate stage in which multiplication is by longitudinal di- 
‘vision. Infection is contaminative, the postflagellates in the feces 


being the source of infection. There is no evidence of hereditary 
transmission, ; - 


Crithidia culicis Wenyon, is ¢arasitic in Xenopsylla cleopatrae. 


Leishuania infantum Nicolle the cause of infantile kala azar of 
the Mediterranean region and Asia is according to experiments of Basile 
Probably naturally transmitted by the fleas Ctenocenhalus canis and Pu- 


-lex irritans. He apparently obtained the disease by taking fleas from 


bed clothes of infected people, iand also from infected dogs,.and feed-~ 
ing them on healthy dogs. os jae . 


Castellani and Chalmers inclined towards the Basile theory but 
Wenyon is not convinced... Basile found Leishmania-like forms in the mid- 
gut of the flea. He also found other forms, some with flagella and some 
without, and concludes that there is a cycle of development with pre- 
flagellate, flagellate and post-flagellate forms. . | 


Leptomonas species Balfour (1906) is' described from Xenopsylla 
cleopatrae. | 


i Leptomonas ctenocenhali Fantham is ;arasitic in the gut of the 
Ctenocephalus canis. Fantham has described preflagellate and flagel- 
late forms, In experiments of Laveran and Franchini (1913) dogs inoce 
ulated from mice infected with this organism by feeding on feces of the 
flea, died. The disease caused by this organism cannot be distinguish- 
ed from canine kala azar, which suggests to some writers the insect or- 


igin of that disease. Fantham, however, dows not consider this organ= 
ism related to Leishmania, 


- Leptomonas etenophthalmi Mackinnon is described as a parasite of 
Ctenophthalmus apyrtes, | 





a 
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Leptomonas ctenopsyllae Laveran and Franchini occurs in the gut 


of Ctenopsylla tusculi of a mouse. 


Lerptomonas debreuili Brumt is a parasite in the squirrel flea, 
Seen maps eemmeicneentisteneattaaeennginereeneen dacs adinmsemrinmenbacischie 


Leptomonas pattoni Swingle is native to Ceratozhyllus faciatus, 
C, lutifer and Xenopsylla’ cheopis. According to Fantham and Porter it 
has been found naturally in the dlood of mice. Ingestion of feces of 
fleas infected with this organism has caused death or disease in white 
mice according to Laveran and Franchini (1914) }i 


MASTIGOPHORA; SPIROCHABTACTA: SPIROCHAETIDAE. 
Spiroschaudinnia ctenocephali Patton has been described from 


Ctenocephalus’canis in India, 


TELOSPORIDIA: GREGARINIDA: AGRIPPINIDAS. 





Agriopina bona Strickland occurs in the gut of the louse and 
the rat flea, Ceratophyllus fasciatus in England. 


TELOSPORIDIA: HAEMOGREGARINIDA: HARMOGREGARINIDAE. 





Haeroeregarinia (Henatozoon) jaculi Balfonr the cause of ANAEMIA 
of the jerboas, Jaculus gordoni and J. orientalis is thought to be car- 
ried by the flea Xenopsylla cheonis, Balfour noted large cysts in X, cleo- 
patrae which Christophers thinks ;ossibly belong to this species, 
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PLATYHELMIA: CESTOIDEA: CYCLOPHYLLODEA: TAENIIDAE, 


Dipylidium caninum Linnaeus, the aog tape worm nas for its inter- 
mediate hosts the dog flea Ctenocephalus canis, the cat flea C, felis, 
and the numan tlea ,Pulex irritans. It say also be carried by the. dog 
and cat lice, Neumann, nowever, regards the fleas as most important. 
The riperproglottids which contain the eogs of the tape worm,. by their 
own movement, pass through the host's anus and get into the fur where 
they become partly dried and aisintegrated. Part of the segments, the 
oncospheres, are released by the disintegration and are then ingested 
by the flea larva or the louse. Sonsino contended that the adult flea 
could not ingest the egg of this worm and Joyeux (1916) has demonstrat- 
ed this fact. He was able to demonstrate that the larvae can and do 
ingest the egg easily. The embryos when they reach the intestine es4 
cape frou their envelopes, the anocospheres, and senetrate the general 
cavity. They are imbedded in the adipose tissues and are very difficult 
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be found lying singly in the fat cells, The fat cells increase in 
size as the varasites growyj the latter teing curled uw once or twice 
within the cell, the mucleus of which remains uningured. The embryo 
undergoes four stages of development in the flga. ‘There is no posi- 
tive proof of the method of transmission, 


In sumiary therefore we way call attention especially to the 
fact that the flea carries plague, and is eprarently the carrier of 
infantile kala azar, and is an intermediate host of one of the human 


tapeworms, In addition-it is intermediate nost of vérious aniral uis- 
eases, 


Unlike the louse borne diseases, the cycle of the flea borne 
diseases is very variable. 


The bacilli of plague and rodent plague are taken uo by the 
bite of the flea and are voided in its feces and obtain entrance to 
the host by the scratching in of feces or infected fleas, or by the 
licking up of the feces or the flea, 


The five tryranosomes all are taken up from the blood and pass 
through a définite life cycle in the flea, passing out of its feces, and 
obtain entrance to the host by being licked uw in the feces. This may 
also happen in the case of the leptononads. 


The crithidias and leptomonads belongjprimarily to the fleaag- 
lone and pass through their cycle of existence in the flea body and out 


of its feces and are taken up by feeding on the infected feces, probably 
by the larva, 


The tane worms are taken up as eggs by the larvae feeding in fil- 
thy dirt. They develon in the flea and are taken into the vertebrate 
host when it licks up the Flea from its body. 


The filaria is taken from the blood of the host as an embryo, 
and develops in the flea, but we do not know how it gets back to the host. 


In addition to all these diseases caused by organisms fleas may 
cause a dermatitis, This is especially true of the chigoe Dermatophilus 
Penetrans, which becomes fixed to its host and sometimes even causes 


Ainhum, or the loss of a member. It will be discussed in the next fec- 
ture on fleas, 


REFERENCES, 


Bacot, A. W., and Martin, C.J., 1914, Journ. of Hygiene, Plague Suorle- 
ment III. Jan, 14, 1914, po. 423-439 


Brumpt, E., 1913, Bull,Soc. Path, EROL wp VOL 64 pp. 169-170, 


~292~ 


Fantham, H. B., Stephens, J.W.W., and Theobald, F.V., 1916, The Animal 
Parasites of Man, 


Herms, W.B., 1915, Medical and Veterinary Entomology, Macmillan Co. 
393 Pps i 


Johnston, J.H., 1913, Proc. Roy. Soc. Queensland, vol, 24, pp: 63-91, 
Joyeux, Charles, 1916, Bull. Soc. Path. Exot, vol. 9, No, 8, ‘Pps 578-579. 


Laveran, A., and mranchirie Gc 20LG, 028, _ Acad. Sei., Paris, vol. 47, 
No, 18, pp. 744-747, — 


Laveran, A., and chimes mp 1914, Bull. So eae Exot., vol, 7, 
pp» 605-612 


Liston, W.G., 1905, Journ, Bombay Nat, Hist. Socs, vol. 16, pp. 253-273, 


ioral G.W., and Chapin, C.W., 1912, Journ, Infect, Diseases, vol. 10, 
No. 1, pp. 61-72, ; 


Porter, Annie, ed Parasitology, vol. 4, No. 3, pp. 237- 254. 


Seurat, L,G., 1916, Bull, Scient, ricence ts Belgique, ser. 7, vol. 49, 
: Poa 4 


Simond, P, Bb. S,,1898, Ann, de 1'Inst, Pastaur, vol. 12, p. 625. 


Verjbitski, D,T,, 1908, Journ, of Hygiene, vol.8, p. 162, 


293+ 






Hosr E (Roots). 7 a ‘ a ite REESE 


w 
' tas . 
Ra oe va “arth “Sei Ricay s ~ 
BATES ae M ee \e ra pe Mee, Se 
_ Se ~) — ae A (ee caariiemenee te ra ba le 
Roe 8 KN RNS 
*\ ~ ' \ * als a» a M fay * 
aS. : EA, “7 ¥ nA A rae a8 fine cone ta S 4 
: ; 7 / ‘ 
OO PE LON Cocco ae 
\ BERS AM io \, : Fo eee 
\ \ \ zy y she / N THE é fa} hd \ “o\ Ta 
\ 2 \ of) » NS / \ i'm \ m\ 
* 


\ FRITH E LIU A OF! oe 
ee isPrN Sreanaen |G) 
ifS | ag | % Q 4 } | # 

\ A \ %\ fas Frog ee — 








a 
In AL (MEM TARY | ‘nt e waits 


} ; 
i 9! \ 2 7 \ # Sterno “Hi 
CAWAL. if SPAN Oe fe re 3 meu y As oe 
a L\ SS? th. 9 fee 
ite ean Ba Ag a FRE f ELT eM 4 Ki ae 
7 AS ies FRE NM Migeug : 4. ey 
ea a ris ue Licdes ‘ Ng AF, ‘ ! a te 
7 Pa ie LIP Tat, me Hey eae Bilt coum “a 
ae 5 Cara LE Dee ; “ECES, Rea" oy “(Ae 
Sey lzoG omy. > — yh S$ Pere Gowy, 


Line Cars Or, Tievenyotons Lh Ewrss 


Yoo pie ee ROSES eR Eee ree 


| aaa a fe Ree. ¥ ae \ 

Host T..Mice, Pars ( Frimys, Acanrionys Mus, Myoxus, MERIOMES), 

Host IL. Feeas (Ceratoravinus, Cremoceenatus, Cremopsy lca , RiLE x, 
KEvoPSyL A), 


Host Bid Des. : 





INTESTINAN 
CA MAL. 
















}M a | 
Ire Stivag/ 
TRAC /€} 
ANE FY, 


© | PRoGLotr ie S) 
a RETA cH AY B 





x ae. My, os War 5c Gi oe ee Bs 
Ew id ~Seecsaris prog 
ee, A Ong sci | 
FLEA A\ 
eh | ae Foe Ler rio s 
ea: In Frees Breaw 
IWGE STS ND NELEASE 


Oveospacres,  ONCOSPHE RES. 
DEVELOPMENT OF 
CyeTickPpecoip. 


ie 


DEVELOPMENT OF 7A PE Worm. 


Lire Cyenr, Or Drereroiom Cannon. 
THE Dog TAPE Worm. 


Host she Fleas. (CrenockPHALus. CANIS | C. FELIS 
Sereneenr et enenenrinenaeenttlitnctetsae. 
| Prex )RRIF ANS) 





Hosr I Doe (CAMs FAMWIAR:s). 


Cat (Fetus caqus) 
JaciraL (Canis AVREUS ), 





f a 
ater ral a | = 
i a8) g 


‘REC 
FREAD 


my 
#295— 


PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


Lecture 24, OF DISEASE, HYGIENE AND SANITATION, 


Bovercer 4, 19138 “OTHE! CONTROL OF FLEAS, 


F.C. Bishopp. 


The importance of : 
sis than that already ap.arent efter reading the lecture on the relation 
of fleas to disease, [Tt 
one of the most terrible Scourges in the history of the world «nd that 
its reduction to an incor, in Europe and the western hemi- 


Sspnere has been the result ef the kriowLedge of the relationship between 


yance to man produced by their crawling a- 
bout over the body and biting, 
duals seems to vary greatly. In Tany cases a few fleas rroduce but lit- 
tle annoyance and the bites le In other instances 
the crawling of the fleas uch annoyance and the bites have been 
known to torm SS serious character and often slow 
to heal. 


eroduces x 
lesions of more or le 


To proceed intelligently with flea control it is important to 


have a good general knowledge of their habits and distribution. Eleven 
Species of fleas have been sh 


own capable of carrying plague. Eight of 
these havebbeen found to occur on one or more species of rats (Boimys 
spp.) and two on ground squi 


a cheopis, B. scopulifer, Ctenonh- 
Echidnophaga gallinaceus, Hon- 
lopsyllus anomalus, ae 2 Re ees 


The host relations of fleas is very important, as has been seen 
by considering the relationship of the insect to disease transmission. 


Unfortunately most of the fleas are not very closely restricted to cer- 
tain hosts, especially when forced by hunger to seek blood. It might 
be stated at the outset that all fleas are dependent uron blood for their 
existence. There is considerable variation in the degree to which cer~ 
tain species are restricted as regards their host, and we should not go 
too far in drawing conclusions as to whether certain ssecies will not 
feed on certain hosts as our judgment is useally based on a comparative- 
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ly small number of experiments under more or less artificial conditions 


or upon examinations of a small numbersé6f hostrsépentesuoftenineroestréet- 
ed districts, 


Eleas pase throvgh four distinct stages - egg, larva, puma (in 
@ cocoon) and adult. The eges are oval, pearly white to cream in col- 
or. They are readily seen with the naked eye, esovecially when on a dark 
back gruoud. Most of them are deposited by the females while the latter 
are on the host. They fall off the hest, mostly drorring in the bedding 
material where they hatch in from two to twelve days, This is responsi-~ 
ble for a concentration of the advhts about the sieeping places of the 
hogts and favors them by being within easy reach of the hosts both old, 
ahd young, and also in-:supnlying the larvae with the rartiallgrdigested »lee 
Bxcreted by the adult fhras, for food. The niwmber of eges laid varies 
greatly according to species, availability of food for adults, etc. Ba- 
cot, of fhe Lister Institute, has counted as rany*as 448 eges deposited 
by a fewéle human flea. Comparatively few are deposited each day but 
the egg laying may be extended over many wecks, 


The larvae. The larvae are whitish, legless and eyeless raggots, 
distinctiy segmenved and vrovided with nomerous ‘hairs, They are usually 
less than one-rifth of an inch in length when grown and quite active, dis-- 
appearing quickly in breeding material. They are to be found in the dust 
in which vegetable and-animal particles are mixed, ‘The larval stage is 
extremely variable, mostly depending on terperature, abundance of food 
and degree of moisture and humidity. The length of this stage has been 
fopnd to range from one to twenty weeks. Under favorable conditions from 
one to three weeks may be taken.as the usual length of this period. 


The Pina. All flea larvaé spin cocoons in wnien the nupa is * 
formed. Tnese are oval. and not vasily seen on accornt of the mumerous 
particles of dust, sand etc. vhich-is woven in or stuck to the silken 
cocoon. This stage ranges from a week to nearly a year. -The extreme 
long periods were observed by Bacot to take miace only in cool weather. 
With the Indian rat flea the period was grea‘*ly Leng taened when the mean 
teroeraiure fell telow 65° F., human flea‘below 50° f,. and The European 
rat flea below 40 or 46° F. In cooler climates the winter is probably 
passed in this stage but in warmer countries adult activities never 
cease, ‘Ine udult fless often remain 1a the cocoons for weeks and emerge 
when disturbed, 


life Cycle, The cycle is complete@-under favorable conditions 
in one to four weeks, but it may extend to one and one-third years in ex- 
treme cases, ‘A . 


‘Lengtin of Life of Adult Fleas. A knowladge of the length of life 
of the adults is of much importance in relation to control measures and 
disease dissemination, Under cool, moist conditions Bacot. found the hu- 
man flea to live 125 days,- the European tat flea 95 days, the dog flea 
58 days, the I“dian rat flea 38 days, and the bird or chicken flea (Cer- 
atophillus callinae) 127 days. When fed daily this léngevity Yas geese 
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ly increased? huran flea 513 Jays, Suropean rat flea 106 days, dog flea 
234 days, Indian rat Fhea 100 days, and the bird flea 345 davs. Nitz~ 
tain found the European rat flea to’ live 160 days in Galifornia and the 
ground squirrel flea (Ceretophvllus acutus) 64 days. In warm dry ‘weath- 





er the longevity without food is but a few days, 


The een flea (Pulex irritans) was formerly thought to restrict 
its attention largely to wan. Investigators have found,however, that 
it -robably uevelops normally on the Hedgehog ard cthers state that it 
is occasionally fourd on dogs und cats esvecially during the winter. Our 
own observations indicate that it is a very comzon parasite of hogs; so 
much so in fact that it might be called the hog flea instead of the hu- 
man flea, also that it may be found in considerable nuthers on dogs at 
all times of the year even in regions where it is not a rest of import- 
ance to. nan... Tt-has: been: taken on severe] species of ruts, but in lim- 
ited numbers. This form appears to be well adapted to a free existen- 
ce, usually. leaving the host a*ter partaking of a blood meal and this 
habit nay tend to rake it of greater im-ortance as a disseminator of 
disease. It has almést world wide distribation but its abundance in 
different regions varies greatiy. In the United States it is very prev~ 
alent in California and the Southwestern States where it is the prin- 
cipal cafise of flea annoyance to man. 


The dog and cat fleas (Ctenocephalus canis Curtis and Ct. félis 


eaneinereesanawnncennetogecaliunmpoenpnesetantneteoremesaae ae a egtien 


Bouche’) way be discussed together as their habits appearto be very sim- 


jlar.and as some authors still believe they are not distineh snecies’ but 
only varieties, They have a rather wide range of hosts. including the 
dog, cat,man, and a nurber of wild anizals, especially of the dog and cat 
family. They are occasionally found on rats. They are quite widely die- 
tributed throughout the temperate and tropical parts of the world. In 


‘the United States they often occur as household gests and in the Central 


and Eastern States they usually take the piace of the human flea an-par- 


asiées of tan, most.of other outbraske ingthese regions being from either 
one or the other of these species. 


The European rat flea (Ceratop phyllus f fasciatus Bosc.) is rath- 
er - closely restricted to the several species of rats and mice but it 
has been found to bite man in the absence of its preferred hosts and 


probably also will feed on other animals. It is the predominant rat 


flea in the United States and over the greater part of Burope, and in 
this region must be considered one of the principal vectors of plague. 


In the tropics it is much less abundant, occurring only in the cool 
season, 


The Tropical or Indian rat flea (Xenopsylla cheopis Roth.) is un- 
doubtedly the principal disseminator of bubonic plague in India and other 
parts of Asia, Jt is also now to be found in practically all the other 
tropical and subtropicel countries of the world, but it is often restrict- 
ed to the seaport towis, as.in the case of the United States, where it ap- 
pears not to have penetrated far inland. This species is primarily a rat 
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flea, being taken on all species of rats and mice, but it feeds readily 
upon man and also will attack small domestic animals and some wild ones. 


The mouse flea (Ctenorsylla musculi Dugés) is to be found in ma~ 
ny parts of the world but-is especially abundant in Mediterranean Burone 
Australia, and the southern part of the United States, It is often found 
in numbers on rats as well as mice, but rarely bites man even in the ab- 
.. sence of its preferred hosts... 


The Asiatic rat flea (Ceratonhyllus anisus Roth,) appears to take 
the place to a large extent of the Eurcpean rat flea in Japan and pemtions 
of northeastern China. A species of grcounchog flea (Csratophylius siiant- 
_iewi Wagner) occurs in numbers on the "tarbagah" or grourndkeg in Manchu- 
ria and was thought to be concerned in the, teasshbesionosf plague*from 
that host to man in the.recent Manchurian outbreak. Subsequent invest- 
igutions apparently failed to substantiate this theory however. 


The field mouse flea (Ctenophthalmus apyrtes Heller) occurs in 
England and other zarts of Europe. I+ is common on voles and field 

mice and also on rats living in the open. It has no inelination to 

bite man, This species provably plays little part in the dissexination 
of plague but.when the disease géts among wild rodents it no doubt 

would aid in spreading it from animal to animal. ~ 


Pyeropsylla ahalae Roth. has been shown capable of carrying 
plague. It is aniHast Indian Island species and according to De Raadt 
it. is abundant on rats in coffee plantations in Java, but rare on ro~- 
dents in buildings. He avers that the species of fieas found on rats 


may be used as an index to the. source of the rat population of a giv- 
en place. 


The squirrel fleas (Ceratophyllus acutus Baker and Hoplopsyllus 
anoralus Baker) are abundant in the western United States on ground 
aquirrels, They have been shown carable of transmitting plague, and 
both feed readily on man and will feed on rats, 


portant pest of poultry in the southern United States, This snecies is 
widely distributed in the subtropical. and tropical parts of the world. 
It attacks several wild birds in addition to domestic species and has 
been taken on rats in numbers. It bites man with avidity. 





} The chigoe or penetrating flea (Dermatoshilus penetrans L.) is 
troublesome in the West Indies, Mexico andnnorthern South Arerica, and 
as been introduced into west Africa and from there to India. It bur- 
Tows into the skin of the feet, especially around the toe nails. Many 
animals including man are attacked including hags, dogs, cats and the 
larger dox.estic animals, ‘ 





The flea(Xenopsylla scopulifer Roths.), occurs on rats in Ger- 
man East Africa. It is closely allied to X. cheovis and partially re- 


ee 
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Places that species in the region mentioned. Its possible relations 
with plague transmission have not been determined 


FACTORS INFBUENCING ABUNDANCE OF FLEAS. 


There is a very close correlation between various climatic 
factors and flea abundance. This applies to practically all spetées 
in greater or less degree. In the United States it may be said that 
in general fleas areymore abundant during moderately warm weather when 
there are frequent rains or high humidity. The effect of seasonal and 
climatic conditions on fleas has a very important bearing on the plague, 
This has been well shown by the Indian Plague Commission which found 
that there is a rather close correlation between the abundance of fleas 
and the prevalence of the disease, and that flea abundance in turn de~ 
pended upon climatic condition", They showed that in the case of the 
European rat flea there is a marked decrease in numbers with the oncom — 
ing of the hot dry season. These fleas begin to disappear in early Ap- 
ril and from May 15 to November not a single specimen was seen. The In« 
dian rat flea, which is the principal plague conveyor in that region, w 
was found to be above the mean average in number during the period from 
November to May, with the maximum about April. During the rest of the 
year - June to September - the flea prevalence is below the mean, the 
absolute minimum being reached in August to September, the maximum be- 
ing six times less than in April. The plague season in the districts 
where these observations were made is from February to May, inclusive, 
The maximum is usually reached early in May and sudden decline being 
experienced with the dropping off in numbers of the fleas early in June. 


The degree of annoyance to man from fleas depends to a large 
extent upon the relative abundance, thus in the southern part of the 
United States, while fleas are active throughout the year, they are 
reduced so low during the winter months that they confine their attacks 
to smaller animals, During the epring the breeding increases rapidly 
and often severe outbreaks are experienced, In the Northeastern States 
these outbreaks aremmoreifrequent during the latter part of summer 
and early fall, 


There is also marked correlation between the character of soil 
and flea abundance. Sandy land is uniformly more conducive to flea de- 
velopment than the heavy soils. However, soils with a large amount of 
‘humus seem also to favor flea breeding, We do not expect to encount~ 
er widespread flea abundance in black land regions, but this does not 
interfere with severe local outbreaks. 


CONTROL OF FLEAS. 


“The general consideration of flea control must be governed by 
the conditions under which one is working. When we consider regions 
where plague is known certainly not to exist little concern need be 
felt over the presence of an occasional flea and all that is necessa~ 
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ry is to take ; eracetere that ray do not bacon eee abundant 
Occasionally. premises already infested may be’ encountered and in such. 
cases it is necessary to know what steps; to take to reduce the numbers 
inmediately. On the other hand, in regions: where the presence of plague 
may be suspected: the elimination of all fleas is desirable and one must 
give attention to the scattered fleas as well as the heavy infestations. 
Of course in such situatiors the prime move should be against the rats 
which act.as hosts for both the plague vacillus and the fleas which car- 
ry it. I® cases where’ the plague has become established in rural dis~ 
tricts among ground squirrets or other native rodents their destruction 
requires attention also. The procedure in such cases must necessarily 
be governed by the duration of occupancy: of a a given place. For per~ 

' manent elimination rat’proofing is’ essential. / This consists in the el~ 
imination of all loosely constructed buildings and the ‘concreting of 
floors, basements and‘wharves., While the rat rroofing is going on war 
should be. waged against the rats by ‘poisoning, shooting and trapping. 
Where plague: is known to exist in a city’ or village being cleared of 
rats every precaution’ ‘should be taken against flea bites. Workers 
should be. provided with closely fitting ‘cliothes and leggings and cer- 
tain other methods of sein isolation: as Ti SES in a subsequent par- 
rast ea ae ae: - 


; When operating .in “regions Shee Tae is suspected it is also 
important to choose looations for troops which are apt to be free from 
rats, The billeting of men in old buildings, warehouses, barns, etc. 
should under such conditions be entirely avoided, 


Control of Hosts: To keep down haa¥y infestations of those 
species of fleas which are annoying to man and animals one of the es- 
sential steps is to exercise control over the hosts. Of course, this 
principle is involved in the elimination of rats and squirrels in plage 
' areas. When an infestation is encountered the first thing that. should 
“be inquired into is the possible hosts and their haunts, Uswally the 
wain trouble can be traced to the sleeping places of dogs, cats, hogs 
or to hen houses or spaces beneath houses and barns frequented by poul- 
try. In the case of the human flea the’ infestation way be more or less 
general’ over a premises, but there are nearlygaiways centers where they 
are concentrated and often these are associated with pet animals. When 
the principal breeding places have been lacated the hosts should be des~ 
troyed if possibel or freed from adult fleas, and kept under control. » 
A definite sleeping place should always be provided for dogs and cats 
and these may be kept free from fleas after treatment by cleaning out 
the beds regularly and spraying with coal tar disinfectant. The host an~ 
imats may be freed of fleas by washing them thoroughly in a 3% solution 
of creolin and water or by using any other standard saponified creosote 
compound, Kerosene emulsion made according to the formula: one pound 
soap, two gallons kerosene, one gallon water, reduced one to nine is 
also very effective, In the case of cats these substances must be wash- 


_ed out ofathe fur with warm water and soap shortly after ire Was bo 
avoid burning the skin. 
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Where premises are heavily infested with adults it is first 
nectessary to destroy this stage and this nay be accomplished by fumi~ 
gating, if the builidng is fairly tight, either with hydrocyanic gas: 
five ounces cyanide per thousand cubic feet, or by burningesulphur at 
the rate of four pounds per thousand cubic feet. As has been point- 
ed out, uany’ adults remain yuiet in pupa cases or may be buried in 
sand, or cracks where thei are somewhat protected from the effects of 
the gas. In destroying the inmature stazes we can take advantage of 
the destructive effect of extremes in moisture or dnyness. There com 
plete flooding of infested areas is feasible this has been known to ac- 
complish the destruction of all stages, In other cases, loose boards 
aaditrash should be removed and burned and the infested areas sprinkled 
heavily with salt and wet gown by sprinkling. Reveat the wetting oper- 
ation at entervals of five days, according to the condition of the soil, 
Usually two or three treatments are sufficient. 


Where fumigation can not be practiced and it is desirable to 

get rid of the adults at once without waiting for them to starve a num 
ber of procedures may be followed, If in habitations, sprinkling flak- 
ed naphthalene over the floor at the rate of four or five rounds to each 
two or three hundred feet, closing the rooms ur for a few hours, and then 
sweeping the material to the next room together with the stunned fleas 
ras very effective. Pyrethrum uay be used in a similar way. In barns 
and basements spraying with kerosene emulsion will accomplish the des- 
truction of nost of the active adults. 


In buildings. where fleas are breeding in the cracks @f the floors 
or under rugs and carpets these should be removed, the house thoroughly 
swept and the floors washed with strong soap or lye water, or if feas- 
ible they may be snrayed with gasolene or kerosene emulsion. The free 
use of sweeping compounds and tloor oils will largely eliminate subse- 
quent trouble, 


In treating pnemises infested with sticktight fleas it is in- 
portant that ull fowls be excluded from beneath houses end barns. 
These conditions prevail largely in the South where this rest becomes 
annoying, If this precaution is taken and the fowls are kept in sheds 
which aduit plenty of sunshine and air end the infested plates be 
treated with salé and water no attention need be given to the ftaas up- 
on the host. 


Revellents, Isolation und Trapping: To rrevent Sheas attack- 
ing one at night the use of flaked naphthalene or pyrethrum dusted in 
the bed clothing will give immunity, Srrinkling oil of tar or some 
similar compound on outside of clothing will give a degree of immun- 
ity, but it is better to depend on excluding the insects by wearing 
clothes with few external openings and wearing leggings. The wearing of 
shoes and leggings will largely exclude the chigoe flea, While clean- 
ing up infested premises it has been found that the laborers can ex~ 
clude the fleas and at the same time catch large numbers of them by 
wrapping the legs with paper covered with tanglefoot. Stmce fleas 


es 
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are comparatively limited in their ability to jump (createst ne figtt 
of any species about eight inches, greatest horizontal distance abdut 

thirteen inches) cots and beds may be protected by isolating their 
legs in rans of water or by wrapping them with paper or cloth treated 
with taaglefoot. The bed clothing should of course, be kept tucked up 
so as not to reach near the floor and individuals should remove all 
clothing and be'free from fleas when entering the bed. 


To prevent spread of fleas from regions where plague is pres- 
ent care should be taken not to allow rats and mice to gain access to 
packed materials and fumigation of clothing and other articles should 
be practiced enroute or at destination. Precautions against the trans- 
ference of rats from ships to land or from the decks to ships when in 
port are very essential. All boats should be kept at leastffour feet 
away from the docks and a@4l hawsers should be provided with rat guards. 
These are metal discs at least two feet in diameter fastened to the 
rope between the ship and dock. Gang planks should never be left dow 
day or night, except when actually in use and care shenld taken not to 
transfer rats with the cargo. This is often very difficult, if not im- 
possible. 


Fumigation of ships when entering port is of course the safe~ 
st plan to follow, especially if they have touched ports where plague 
may be present. At the cresent time this is pracitced in nearly all 
the important ports of the world. Sulphur dioxide applied under pres- 
sure by the so-called Clayton method, and hydrocyanic acid gas.are em- 
ployed. This fumigation if properly done accomplishes the destruction 
of the rats, fleas and otner life aboard. The hydrocyanic acid@a8pears 
to be giving best results and danger of damaging cargoes is ae 


Since fleas are largely attracted to noving objects it is fos- 
sible to collect great numbers of them by allowing men with their legs 
wrapped in paper treated with tanglefoot to walk about over the infest- 
ed area. Where fleas are less abundant and especially in places where 
plague is suspected the use of animal hosts to collect the fleas may 
be employed. Guinea pigs, white rats or rabbits mav be used for this 
purpose. After being in the infested premises for some time the fleas 
nay be killed by placing the tran animal ina jar and applying chloro- 
form and when the anaesthesia is complete the fleas will either drop 
off or remain on the surface of the hair where they can readily be pnick- 
ed off and placed in containers before reviving. Of. course the animal 
may be treated with kerosene emulsion or other insecticides. The ef-~ 
fectiveness of animals as traps varies with the species of fleas con- 
cerned, The Indian rat flea and European rat fleas do not go freely 
to guinea pigs but are caught in great numbers on tanglefoot on man. 
Tne squirrel flea will go to guinea pigs very readily. 


Dr. Hindle has described a flea trap used in China. It con- 
Sists essentially of a cylinder covered with tanglefoot and nrotected 
against sticking to objects by an outside cylinder with openings to 
allow the fleas to strixe the sticky surface. This can be rolled about 
on the floors of infested rooms. 
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-- Medicinal Treatments for Flea Attack: Flea bites seldom need 
medical treatment. However, some people are so susceptible as to 
have irritation and itching following the bites and some developo ulcers, 
The use of disinfectant solutions are advised for the latter and cool- 
ing applications as menhflized or: camphorated ointments for the itch- 
ing. In the case of infestations of the chigoe the insect should be 
prouptiy removed By) excision and the part kent as free from infection 
as possible. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THRE EYTOMOLOGY 


OF DISRASH, HYGIENE AND SANITATION, 


. Leature 25, CATTLE LICE AND THEIR CONTROL, 


November 11, 1918, By 
G.H. Larson, Jr. 


Nearly every species of aninal bearing hair or feathers is sub- 
Ject to the attack of frou one to a dozen species of lice, A given 
species does not infest all kinds of aninals, but is confined to ver- 
tain related kinds, 


Lice are divided into two -ardinal erouns according to their 
method of feeding. One ofder, the Mallophaga, includes biting lice like 
the bird lice and the snall red lice on dairy anizals, which feed on 
the dry skin, hair or feathérs but do not suc the blood. The other or- 
der, the Siphunculata, the sucking lice, fatten themselves by sucking 
the animal's blood. These of course are the most annoying, injurious and 


dangerous. Some of the sucking lice urder certain conditions may trans- 


mit fatal disease but none of the cattle lice are know to do this. The 
resent bulletin deals only with the species which infest dairy and 
beef cattle, 


The place where stock is Kept, has a part in the decree of in- 
festation, for cows that are placed near other badly infested cows have 
a@ greater opportunity for becoming lousy than those that are stabled 
with cattle that are comparatively free from lice, Where lice have oc- 
curred year after year there is a ereater danger of infestation than 
where the stables hava been kept clean, well ventilated and well light~ 
ed. The lice cannot naintain life for any extended reriod of tire a- 
way from the cows. If stables are kept clean,well lighted and venti- 
lated there is somewhat less danger of infestation. 


Too much stress, however, has heen placed upor the condition 
of bedding and stabdiga and net enough woon the condition of the stock 
for it is doubtful if any cowg is ever entirely free frou lice for the 
whole year, even where the stdbles are kept scrupulously clean and 


_Well uanaged. Careful examination of the infested herd will show that 
there is considerable difference in the number of lice on different 


wd 


rn een he 


cows, some are very badly infested and infested early in the winter 
while others willhhave a few lice on them and others will seem to be 
free. 


The degree of dryness of the skin is often closely related to 
the numbers of lice on the different cows, When cows are net in good 
physical condition this results in a lack of natural oiliness of sitin 
and wakes conditions ideal for lice to increase. It will be noted that 
the Variations in the tambers of lice on cows varies with the breed, 


on Ant ent ne el ee mn epeR tese ene emanates = fy —earenepctnenrmnone: pence means PS 


that Holsteins are notably among the most infested, that Avrshire and 
Gurnseys are intermediate and that Jerseys are not so badly infested, 
Calves which have less oily skin secretion than older stock are more 

generally infested with lice. 


There is a marked difference in the season of the year when 
lice are more numerous. The skin secretions are reduced in the win- 
ter and it is then that the lice are most numerous. In the summer 
only a few can ve found, Certain cows in a herd will be infested ear- 
ly and will contimie infested through the winte?. The fact that Hol- 
steins being usually either black and white or having the combined 
narkings, male the lice more ‘conspicuous, seemed at first, to offer 
a solution for the reason why they have bean generally conceded to be 
the most infested breed of cows, yet considerable sttdy has borne out ¢t 
the fact that this is due to the general lack of skin secretion of the 
breed. © For ‘these reasons it is believed that not only should we try 
to keep the stables clean, well lighted and well ventilated but also 
keep the stock in good physical condition. The fact that the lack of 
oiliness of skin tends toward lotsiness indicates a logical control 
measure ior these parasites, 


The Parts of the Body Infested, 
5 Cattle lice are by no means uniformly distributed over a cow, 
particularly if they are of the sucking species. The upper portions 
of the neck, shovider tops or withers, escutcheon and the switch of 
the tail are usually the parts that are infested with the largest num- 
bers. 


The forehead, portions between the horns, and the throat are 
places where the lice are next most likely to be found. It is these 
places, especially the upper portions of the neck and withers, that 
the dairymen should watch for indications of their presence and it is 
to thsse places that the insecticide or control measure should be ap- 
plied most liberally and most thoroughly. While the small red biting 
lice move about somewhat, the sucking lice remain stationary during 
the creater portion of the time before reaching naturity, feeding con~ 
tinually. 


SPECIES OF CATTLE LICE, 
1. SUCKING LICE, 


} 
The short-nosed cattle louse, Haematopinus eurysternus Mitzsch, 
is the best know of the cattle lice, It is very broad and measures 
in the fenale about one-eighth to one-fifth of an inchy while the males 
are allittle smaller and a little narrower, ' 


The eggs or nfts are white and can be distinctly seen glued tisht- 
ly to the hairs along the shoulders. from thirty-five to fifty eaee are 
luid by tha natyre female and these are laid a few each day. ‘The agg lay- 
ing pericd u.ay extend over a period of ten to fifteen days, These eggs 
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hatch in fron. seven to eight deys and the young lice commence urawing 
the cow's blood uear the point from which they were natched. The rate 
of »rowth depends somewhat upon tne ulood svpvly in the portion of skyn 
where they vork, ‘thoy .ature in from fifteen to eighteen uays when the 
femehles in turn lay oges. 


the Long-nosed Cattle Louse, 220g SURES Ler Linnaeus is 
often spoken of as the “blues louse, or the louse attacking calves, 


though it occurs 
being warker in 
Wheh seen on the 
rt 
Ss 


e's 


equently on oldér stock, It is sistinguished vy 
Q nd slender in shape with a long pointed head. 
iterally standing on its head 
ding on the blood of the uninal 
s round more commonly on the neck -.nd shoulder 
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The wature insects »re u dark bluish ~ray in color siving them 
an eppesrance of being cither bius or black and they are about one- 
@ighth of an ivich long. ‘Their color and their small size allow them to 
mass unnoticed especially on steck of a darker color. If one will turn 
back the hair untii the skin of ‘he animal can be seen, their presence 
may oe made out by the skining surface*of the abdomen. If they can be 
made out on the céives uaving white warkings they can oe usuallv assu- 
med to be present on the others or there shouhd at lease be u close ob- 
servation of all the caives. 


ee eges of this Louse are dark, nearly black and hatch in fron 
G@ient to néne days. iLike the previously zentioned srecies these lice 
move about but lictie before maturisy but continue feeding near the point 
where they were havcied. They:in turn lay eggs in fifteen to eighteen 
days. 


BITING LICE. 
V 
es_scalaris, Nitzch is 


seems to he out of place 
most vormonivy found on 
Tr 


The Little Red Cattle Louse, Trichodec 
perhaps the uost penerally fourid on cattie, 
as it is of the biting group and this group i 
birds. It feeds om the hair ard loose scates of skin and the drier the 
Skin of the cow, the uore nwnercus these lice bscoma, until they can 
be wade out by the thousand, cicsely mauted in the Sige They «re Lost 


U 


=conmonly found on tre neck and shoulders though in pad cases they are 
j 


found pretty generaliy over most parts of the ani 


Uniike the two previously mentioned species they move about 
considerably among the hairs having feel well adaptec for thzsrpurpose. 


JLe with the naked eye neasuring 
abcut Pe tpcceuth ef an inch. ‘They are reddish in color having dis- 
tinct tangas acvoss the avdemen. The gensrai shapa of the tody is quite 
‘tisrent from that of che scking lice ei) their heads are broac and 


a 
blun. wuile tnuse of the sucking lice are tmmch more rointed, 
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used 10or protecting vaccination voints .ere used to confine the lice. 
Areas were shaved leaving srall tufts of hair cn which the “Lies could 
breed and adhesive tape bow. ths caps to the calf, ‘The electric in- 
cubator kept at the approximate temperature of the cow's skin was us- 
ed to supplement the observations wade on the unimal itself, 


CONTROL MEASURES. 


A+control measure or remedy for cattle lice in order to te 
practical uust be cheap, reasonatly easy to epply, effectice in kill- 
ing the lice and at the same time do no injury to the cow. It shovld 
not be 30 poisonous that the accidental conewption by unimals would 
endanger their liffe. At the fs time the material used for control 
shoulc be cemmenity sold and thus be i as the reach of purchasers 
even in the remoter country villages. 


Clitping. Clipping the stock over the portion of the animal 
most likely to be sted 13 not un uncommon practice und where the 
hair is leng and imas is very badly infested it helps to bring, 
the oil cr wasn where at wilt ts most effective. We have found, how- 
ever, that uninals that have been clipped cre u.ore liabbe to showa 
considerable scurfing of the skin because the application reaches the 
Skin wore Guickiy and in larger quantities than when it is held on 
the nairsand thus reaches the skin gradually. There sre those who 
feel that the cnimals uo not look as well when clipped. 





If control measures are used early, thorovghiy, und repeat- 
ed throughcut the winter clipping will be unnecessary. 


REMEDIES. 


Raw Linsesd: O11, Of the uwany cifferent measures for the con- 
trol of lice on dairy cow’ ani voung stock raw linseed oil gave the best 
results from the stand-pcint of econorvy of D iaeaneoks and labor of ap- 
mlication, killing the lice,but hot injuring the stin and at the samo 
time not makirg it necessary to thoroughly Poko the cow. It had no 
poisonous properties. At the same time it is a logical remedy as the 
lack of oiliness in the skin of the cow is a fundamental reason for 


her being lousy. linseed oil can be put on at the time taken for groom- 


ing or cicaning the cows thus coing two things in one application. From 
four to five cows can be treated with a nint. 


Raw linseed oil can be best applied with a brush having bris- 
tles of unequal length of which the rice fiber brushes are probably most 


durable. When apolied with a sponge the hairs coming fom shedding be- 


come matted on the snunge making arplication a little mbre difficult, 


' 


it takes about five minutes to pees a Te abibier Oil to the cew's 
C@at and a slight siliyess vill re: .in for severab days which is u 


Sloe 


desirable feature. On some anivals the loose skin may scurf or 1ifs 
giving one the inpreseion that some little irritation has been caused, 
yet if one will give the cordttion study he will see that. there has 
been no inflanmation or reddening of the tissues but that the loose 
epidermis has lifted, 


The use of raw linseed oil as a control for cattle lice is 
neither new nor patent. It has been used by scores of dairymen in 
the past with good results, others have used it once and expected 
that application should last for the whole year and have been anxious 
to get some one treatient that would do for all time. A few others 
have possibly noticed a Slight scurfing of the skin from some animal 
and have decided that it was burned by the application. If, however, 
raw linseed oil is applied in the right manner and repeated at neces- 
sary intervals it will be found to be one of the most effective agen~ 
cies for the control of cattle lice and will save time, labor, and 
injury to the animals, 


The use of boiled linseed oil is not recomrended Serthere is. 
some little danger of burns in using it, particularly if it is rubbed 
forcibly into the skin, 


To ‘avoid the danger of sourfing or burning the skin observe 


the following: directions,. Do. not. rub_the skin too vigorously when 


epplying the oil. Do not allow the anirals that have been treated to 


go out in the strong sunlight until at least twelve hours after ar~ 
plying the oil... Do not exercise the aninal after the treatment. Do 
not cover the cow, Do not use the boiled or refined linseed oil. 





Linseed oil is used internally for other purposes and is a 
safe remedy if Properly-applied. 


SPRAYS, 


Manyydairy men practtce sprayine cows and some have obtained 
good results frow using spray iaterials such as creolin, kerosene enul~ 
Sion, tobacco Solution, and arsenical washes, A small bueket pump an- 
swers for this spraving. Thoroughness is essential and it is sonetimes 
necessary for two or three to work on the saua animal at the sare time 
brushing the spray material into the hair before it runs off, 


Creolin: Of the materials used for sprayine cows a solution of 
creolin is one of the most coumon. The strength should not be less than 
four per cent to kill the lice and not more than five per cent as this 


will cause some scurfing. A four and one-half rer cent will give the 
best results for creolin, 


Kerosene Euulsion: This emuksion has been used with satisfac- 
‘tory results by some dairymen., It is made by shaving one-half wound 
of laundry soap in one gallon of soft water that has previously been 
brought to the boiling point, When the Soap is all dissolged remove “# 


J = 
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Mix this amount with twenty gallons of water and apply either wit 


frou the fire and add two gallons of kerosene oil. Stir this thorough- 
ly and if you have a bucket cuir zlace this in the nixtvre turning the 
nozzle back into the bucket so the material is constantly passing through 
the pump, This will form a cream emulsion... If any free oil separates 
from this mixture continue pumping uhtil the oil ceases to snwy. Then 

th a 
spray pump or with a brush, preferably the former. In using kerosene 
emulsion wa have observed that the lice were not killed with a wixture 
that was so weak that it would not do injury to the skin of the animals 
to which it was applied. For this reason the linseed oil gives nuch 
better resulta. ¥6 


Some dairymen do not take care of the lice on their cows be- 
cause they feel that spraying is the only method that will reach tnese 
insects and that the danger from the aninals catching cold after such 
a treatment more than offséts the injury of the lice. There is but 
little danger of cows catching cold if they are in good health, :ar- 
ticularly if the day is not too co§d and if the cows are covered wall 
after the treatment, | 


Our trials indicate that with the average material such as 
creolin, kerosene emulsion or:-an arsenical wash, together with the 
labor factor the sost is about ten cents rer anival for each treat- 
ment, 


There are some disadvantages in this treatment, however, am- 
ong them the labor and time faetor, the arount of equipment necessary 
and the fact that a number of these sprays are not effective enough 
to kill the lice or they are too strong for the cow's akin or that the 
effectiveness does not last for any considerable time after the appli- 
eation, Tnese control zeusures are listed and their advantages and dis- 
wdvantages mentioned. 


trol of cattle lice but owing to the great care necessary in using 
hem both from the danger of poisoning and the possible injury that 
may occur by using them too strong or in applying tnem too vigepous- 
ly, it has been felt that less dangerous applications nan be rade with 
even better results. 


Ansesnical wasses: Arsenical washes are also used for the con- 


One thing can be said for then. however, and that is regarding 
their efféctiveress. That the lice are killed by the application of 


arsenical wasnes there is no doubt. 


One formula reconmended is as follows: 


fuk 


lb. caustic soda (85 per cent pure) 

1b. of white arsenic (99 cer cent rure) fing powder 
1h, of sak soda 

ipint of pine tar. 
O gallons water 


CA dlra iH 


~314- 


In preparing and using any arsenical dip or wash one should 
remember that arsenic is a poisen and take precaution to avoid inju- 
ry. If animals are allowed to drain where théy may drink the solu$icn 
tion or feed when the solution is dripping off of them they are lia~ 
ble to be poisoned, 


Care should be taken too that the hands should not be Bxpos- 
ed any more than necessary. | re . 


The arsenical washed way be necessary to use for dips for large 
herds and under range conditions but their use is questioned for small- 
er herds, 7 a . 


For’fuller information regarding arsenical dips and washes for 
cattle on #ange see Farmer's BulletinssNo. 608 and 909. 


~-Nicotin washes. These are questionable owing to the fact that 
eXtrene care must be taken in ofder to keep the wash away from the cows 
so that they will not get some of it internally. Cows are particular- 
ly susceptible to poisoning from tobacco decoctions. 


Greases: Mercurial ointment is one of the most effective of 
lice killers though it is very liable to cause burns even when it is 
diluted considerably. This was used on some cows diluted with twelve 
parts of vaseline and burns resulted from its application. Kerosene 
oil and lard have been used considerably for cattle lice but the dan- 
ger of injury to the skin with the use of kerosene oil, unless it is 
very thoroughly mixed with some dilutant,is always present. 


With the majority of the greases the lack of spreading prop? 
erly takes their application expensive because of the quantities of 
material necessary to cover the regions infested by lice. 


Powders: Dusting powders are usually sulphur, naphthalene and 
pyrethrum. These are hot recormerded. Cattle lice are too difficult 
to control for such methods to be effective. 


TIME FOR THE APPLICATION OF CONTROL MEASURES. 


Though cows are infested with the largest numbers of cattle 
lice during the months of January and February, yet the measures for 
their control should be applied long before that time, in fact, they 
should be used within a week after they have been vrought into the 
barn for tne fall and winter, .A second application should follow . 
twelve or thirteen days afterward, The purpose of these two appli- 
cations is to rid the cows of the lice that are on them before they : 
become numerous and spread to more susceptible animals. The lice nay ~ 
not be seen at this time but the dairymen should not reason that the 
lice are not present... This gives a proper length of time for all of 
the three species of ‘cattle lice to hateh from eggs but not long e- 
nough for them to lay eggs again and be in a resistant stage where tae 
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traetment will not reach them. 


Treatnent should be repeated at intervals of a month from 
the second treatment. In case animals show any great number of lice, 
treatment should be given and repeated twetwelus or thirteen days, 


Treatnents with linseed oil can be made @& the usual time 
when the cows are being groomed and cleaned, , 


contzei From five to six treatnents during the fall and winter should 
control the lice in the average herd, 


SKIN INJURIES, 


One of the most Enonbi.s acne phases of the study of the control 
of cattle lice was to deter: ine the strength of insecticides that would 
kill the lice but would ee injure tne skin, thus causing the hair to 
come out badly or naking distinct burns, 


The skin of the cow is very susceptible to injury when com- 
pared with the skin of other anixals. It is lmoawn thet cows have been 
killed by the apzlication of certcin insecticides recommended: for the 
control of cattie lice. This indicates that caution must be taken in 
the use of ccntrol measures that have not bean sufficiently tested. 
Caustic washes cannot be used withcut danger of their doing consider~ 


able injury unless they are vary accurately measured and applied very 
carefully to the skin of the animal. 


It_is known that _exposwre to direct sunlight and active exer-~ 
cise after Ajp.scation cuntvitutes to cause skin injury with neatly 


evry one of vuke control measures for cattle lice. 





It is dowstful if there is any application that will kill lice 
on cows that will not cause a slicht ceeree of scurfiness on the cows 
at times, If one will look at a sondition of scurfiness carefully he 
will find that loose portions of the epidermis has lifted and fragments 
are thick in thc hairs yet there is no irritation or reddening of the 
tissues hence nv real ingury, Scurfiness is a condition that may oc- 
cur without any epplication to the skin and it should not deter the 
dairyaan from usiag a control measure that does not cause a real in-~ 
jury but may cause the unguarded to fear that after all there is ne 
control measure for cattle lice that will nts at the same time cause 
burns to hgs stock. 


Scurfiness passes in a short time and leaves the skin clean 
underneath. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


OF DISEASE, HYGIE BNE £ ND SANITATION, 


CAMP SANITATION MEGHODS , 
“By “the courtesy of Admiral E.R, Stitt and of Dr. W.L. Mann Post 
Surgeon, Marine Barracks, Quantico, Va., it is cossible to distribute 
,¥o the class f four cages of illustrations of sanitary nethsds nBesd at 
‘Quantico - Which are of interest to entonolos sista ag well ‘a6 sent eal 
Briefly these illustrations may” de descridéd as. follows: ; 


Doctor Ebert's Subniersible eutomatic bubbler fountain consists of 
a cylindrical tank which is sunk telow the level of the water Through 


“the water intake the water Slows inicafisplaces the oil which bubbles out 


at the oil outle t. The amount of oil released pe be gauced by the 


“'Bpigots, 


Dry Ebert's sawdust mentod of distributing oil has many modifica~ 
tions. In the illus tration the rephod followed is the ¢lacing of a 
box containing oi} jmzregnated sawdust in the stream, arranging it so 
that the water well flow through the sawdust and carry off a tiny film 
of oil. Dr Mamn's hillside incinerator is illustrated in two-forms, 
one being on the niiiside and the other an excavation from level eround. 
These are both» eas ily understood, 


The Pl an ef the vrinals and latrines are self explanatary. 


NOTICES TO THE CLASS, 


: The course will be concluded with the, last Monday in December, and 
then the entire series of lectures will be revised up to date, with some 
additional nuiber s, and ¢rin ited, If any member has an original contri- 
bution suitable Zor inclusion, it will be, welcomed. Original illustra~ 
tions are desired and, will be credited to. the contributors. 


Taose who enrolled late did not receive all back numbers. We have 
just mailed out these nunbers to all cases noted by us. If you lack 
Sny nurbers we can now fill out your sets. Pine present distribution 
exceeds, 500 copies. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


OF DISEASE, HYGIENE AND SANITATION, 


Lecture 26,  M¥TASIS--TYPES OF INJURY AND LIFE HISTORY 
November 18, 1918 AND HABITS OF SPECIES CONCERNED. 


F, C. Bishopp. 


_ MyiaSis is a term applied to the attack of living man or aniwals 
by fly larvae, The medical profession usually assigns soecific mames. to 
the infestations according to their location - as dernal (in or under 
the skin). nasal. (rose infestation), auricular. or otonyiasis (ear attack), 

intestinal, etc, . These names are not entirely satisfactory as of fen one 
“form will develop into another or one species of larvae say be concern- 
ed in attacks in wany different regions. And again several species may 
attack the seie region butpproduce different types of injury, or the 
soint of attack way very with the stage of the larvae, 


Any attempt. to classify the different types of myiasis according 
to character or plac of attack or species of fly converned seems to 
have its objections and difficulties. For convenience in discussion I 
have attemmted to divide the subject fron the standpoint of nethod of 
attack into the following groups: 


First, TISSUE DESTROYING FORMS, including these snecies which are 
ravenous feeders and destroy living tissues. For example the screw- 
worm (Chrysomyia wacellaria), The species which are included in this 
group attack living animals secondarily, the main source of breeding be- 
ing in dead animalgiiatter, 





Second, SUBDERMAL MIGRATORY FORMS-whi¢h are parasitic in animals 
or man and occur during the wajor part of their lives beneath the skin, 
For example the ox warble "torcel" or Dermatobia in ran, etc, 


Third, LARVAE INFESTING THE INTESTINAL OR UROGENITAL TRACTS. These 
usually feed to a lesser or greater degree on food or excrementitious mat- 
ter within the body. For example the larvae of the latrine flies of the 
genus Fannia and of certain flesh flies of the family Sarcophagidaé. In- 

~festations largely accidental except horse bots and related species in an- 
imals which are truly parasitic. 


Fourth, FORMS INFESTING HEAD PASSAGES, True parasites of anirals 
or wan occurring in the head sinuses, throat or occasionally the eye. Por 
example the sheep bot (Qestrus ovis and Cephanowyia spp.) 








Fifth, BLOOD SUCKING SPECIES. Highly ssecialized forms with blood 
sucking as a normal habit, exclusively parasites of man or animals, such 
as the Congo floor maggot attacking man and larvae of the genus Protocal- 
liphora attacking birds. 
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Myiasis is caused by many speciss in several families. The hab- 
its in regard to myiasis of the species of any single family vary wide- 
ly us night be expected in proups which have become more or less spec~ 
ialized, For instance the family Oestridae which is the only family 
having all its species concerned in:mydasis, has members which infest 
the stomach, others which develop in the nasal passages und still oth~- 
ers which produce cutaneous myiasis. The family Muscidae also exhib— 
its very diverse habits in this regard, some wembers being concerned in 
destructive tyiasis, gthers in specialized dermal cases and still others 
are blood suckers, 


Myiasis in animals is not generally considered in connection with 
human cases. There exists, nowever, a very intimate interrelationship; 
in fact the prevention of wylasis in cman is largely dependent upon the 
control of the trouble in animals, Purthermore entomologists engaged 


in sanitary work must be prepared to handle insectsattack on animals 
as wek} as man, 


Owing to the need for careful determination of the exact species 
concerned in cases of myiasis, both for the immediate needs of the case 
and for the benefit of science, it is highly desirable that the larvae 
concerned be bred to adults whenever possible, Specific determination 
of the larvae, especially when small, is to say the least very diffi- 
cult, but a few should be preserved in ulcohol for record. . Some sug= 
gestions as to breeding methods are apropos. There is no use endeapor- 
ing to rear Oestrids after extraction unless well watured, ‘Most oftthe 
other forms may ve reared by choosing suitable breeding media. The lar- 
vae from wovhds will usvally uevelop on beef, Care must be exercised to 
avoid contamination of material by other species, especially Sarcophi- 
gids which will crop larvae through screen wire onto meat or excrement, 
A double cage is best to avoid this; one of these should have a solid 
top. Good ventilation is important and sand slightly motst but mot wet 
Should be provided beneath the meat. The meat may be partially bur- 
ied to retain moisture and reduce odor. It should be remembered that 
the larvae have a strong tendency to migrate when ready to pupate. 


Returning to the discussion of the groups of myiasis above out- 
lined: 


TISSUE DESTROYING FORMS, 


It should be said that most forms of larvae attacking man or an- 
imals may destroy body cells to some extent but not in the sense of the 
rapid fearing away of tissues as exhibited by species in this croup» 
This is the most dangerous type of myiasis in man and one of the most 
important sources of loss amons domestic animals, As vreviously noint- 


ed out the flies included in this group attack living animals as a sec- 
ondary method of reproduction, 


It should be stated most erphatically that cases of myiasis eith- 
er in man or animals due to species in this Broup,are more or less inti- 
mately associated with violations of the best sanitary principles. The 
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vast majority of cases of this type of myiasis occur in the werner 
parts of the world. In the United States, as is well known, our prin- 
cipal source of trouble is due to the Muscoid fly (C. wacellaria) com- 


monly spoken of as the screw-worm. Several other species are concern- 


ed to a greater or less degree, among these should be mentioned the 
black blow fly (Phormia ‘resina , the green bottle flies (Lucilia cae- 
sar and L. séricata), certain of the flesh flies (Sarcophaga spp.) and 
Occasionally some of the hairy blow flies of the genera Cynowyia and 
Calliphora. 





Fortunately from the standpoint of the sanitary entomologist the 
methods of control are in general very similar for all species owing to 
the similar habits and not vastly different life histories. All of the 
species are carrion breeders although the adult flies are attracted to 
garious kinds of food, especially those with strong pungent odors as 
come from the cooking of cabbage or turnipe., A few develop occasional- 
ly in huran excrement normally however, the decomposition of animal mat- 
ter has the strongest attraction for them and in many regions it is with 
great difficulty that animals can be slaughtered without having the meat 
contaminated by their presence in large numbers, Garbage containing 
meat and bohe will attract andx<breed them. 


ANERTCAAMERICA . The screw-worm fly occurs throughout the Unites States, 
but is of little importance as a pest except in the Southwest where in 
some sections it &s a veritable scourge to the raisers of live stock. 
The life history of this species will serve as an illustration for this 
group of flies in the United States. The eggs are deposited on carrion, 
especially on animals which have died recently. These hatch in a few 
hours into maggots which enter the tissues rapidly and become mature in 
about six to twenty cays. In living animals development seems to be 
rather move reapic. Fepation takes place in the soil from the surface 

to three or fouc inches deep and the flies emerge in from three to four- 
teen days. ‘The totai developmental period from attack to adult has been 
found to vary from nine to thirty-nine days. The activity of this spe~ 
cies is confined to the warmer part of the year, usually from about A- 
pril firsttto November first in the Southern States. The black blow 
fly (P. regina)on the other hand aprears more resistant to cool weather 
and >scomes most numerous in the southern region during early spring and 
late *a11,. This is also true to a large extent with the large hairy 
blow flies. 


Infestations in animals occur on any portion of the body where 
there is broken sin or even on sound skin where blood spots occur. 
For the most part, however, the infestations follow mechanical injury 
or where ticks have been crushed on the host. In man practically any 
part of the body may be attacked, but the most common type of myiasis 
is nasal. This is especially true in Central and South America. Such 


infestations are usually associated with ualignant catarrh or bleeding 


from the nose, and practically alweys with careless modes of living. 
The larvae enter the nose and nenetrate the tissue rapidly rroducing 
extensive cellulitis and usually acconpanied by considerabdb discharge. 


If not detected for two days the injury is likely to be very serious. 
The frontal and ethnoid sinuses ray be entered and the cartilage and 
even bone attacked. Often the tisszes of the nose and beneath the eyes 
begin to collapse and scmetimes excavation reacnes to ths surface, giv~ 
ing reruanent disficuration. This extersive destruction of tissues oF— 
ten results in. septicemza or meningitis. Infestation of wounds on the 
battle field-or even in hospitals is not at all infrequent, but such ca~ 
Ses are g@z much more easily treated than nasal infesta tions. 


The black blow fly (P. re¥ine) usually infeste only o]d suppurat- 
ing wounds. In live stock it is commonly fourd following dekorning and 
has also been proved to bs a conmon source of wocl infestation of. sheep 
in the Southwsst. In the latter case the soiled wool following lanbing 
attracts fiies and the wagco#s reed bn this for some time but later may 
enter the shser itself and cause its destruction. 


The green bottle flies (lL. seridata) and(Lo. caesar) which are 
commonly known as the wool magots of the Br itish Isles occur through- 


out the United rive tik They have deen known to infest wounds in 7an and 


« 
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aninals but the uein sovrrce of trouble has deen the infestation of soil- 
ed wool on shsep, the mex,fod of attack in wounds is similar to the 
Screw-worms, but the tissue destruction is less rapid although this 
depend 8 largely in either case upon the number of larvae ¢resent. They 
are more abundant in towns than in onen country. 


> 


iF, 

In Suach ard Central Arerica and the West Indies Chrysoryia racel- 
laria abcuncds and gives similar troubles to those In’ the Unites States, 
Ty Brasts ; arooobage jatthens and $. tyochila have been reported by Nei- 
va ani De Faria fo Infes: wounds, In Hewaii Calliphor¥ dux has caused 
censideratics loss by ae ak soiled wool and scabs on sheep. 





PCPS . In Fnrepe the principal tutovble from myiasis occurs in 


southern Fussia, A censidereble number of cases oecur in the Mediter—- 
ransan region and some tar ther nerth in Austria and Germany. In Rus- 
sia, atcoraing to Portéhinskr, the vast majority of cases of this type 


are caured py the flesh fly (Wolfehrtia Yaoi? Sice) which appears to have 


habits of attack on man and animals very similar to that of the screw 
wort, Tly in Arsrica, Among the lewer anirals he sneaks of its attack 
usually foilowing wounas on the bodies of cattle, horses, pigs, dogs 
and poultry. The cases in man occu: most commonly in the nose, ears 
and eves, The injury is often serious, resulting in dsafness, blind- 
ness or facial disfiparation and not inf: vequently in death, ThisseL 
derosits living larvae and infestations in man are usually the result 
of sleeping Ree during the warm part of tne day. 


ee 





While this species is not commonly socken of as a nest in west- 
ern Furopsltiiiegs renosts considerable trouble from it in the western 

war theater, sepecialiy davring 1515, ft infested wounds and interfer- 
ed with the iy peoaper treaiment and was responsible for man# infestations 
.of the genitalia of cows in tnat re 2gion, 


ae Os 


aS 
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Next in importance comes the flesh fly (Sarcophaga carnaria). 
This form does not seem so vrone to attack living animals as W, tas- 
nifica, but numerous cases of myiasis have been charged to it. Ap- 
parently it is found usually ir old suppurating sores. These may oc- 
cur on any part of animals of ww In the Petrograd district Lu¢il- 
ia _ caesar is responsible for some cuses of myiasis while in Denmark, 
Holland and parts of Germany and France, L, seritcata is concerned in 


ee 
j _ 


the infestation of wounds. Calliphora érythrocephala, Musca domesti- 


ca and Muscina stabulans are said to ovinosit on corpses on the bat~- 
tle field soon after death but before putrefaction sets in. 


The larvae of Anthomyia pluvialis lL. has been reported as being 
concerned in auricular myfasis. Probably this species should be con- 


sidered as a feeder on excreta rather than placed with tissue destroy- 
ing forms, 


AFRICA, Wolfahrtia uapnifica is reported by Gough in Egypt as 
being taken fram ulcers behind the ears and from orbits in the oph- 
thalwic hospitels, In tropical Africa Lucilig argyrocephala commonly 
attacks wammals, man and birds. Members of the genus Pycnosona, which 
has been included with Chrysomwyia by some authors, cause myiasis in 
numarous cases. Fryenosora merad¢ephala and_P, besziana are frequent 
ly mentioned in literature in connection with cases of myiasis is cat 
tle, horses, caniels and other aninals as well as man, P. cutorum Weid., 
P. werginale Weid., end P. chlorodyga are also concerned. Sar@och- 
agids have been recorded as infesting wounds, 5, haemdorrhoidalis and Sy 
regularis being mentioned in particular, 


ASIA, While there are numenous references to myiasis cases in 
Asia our knowledge of the species concerned is limited, Mexbers of the 
fsnus Pycnosona, particulariy P, flaviceps Walker, are concerned with 
cases in India. This species and Luciijia serénissima Fabr, have been 
mentioned particularly us being troublesome by attacking castle after 
outbreaks of foot-and-moutn disease, The cosmopolitan Lucitia caesar 
is responsiole for some casey of myiasis. It is possible that they 
may be concerned with the syread of this disease in addition to the 
injury wrought by their burrowing into the tissues. Several members of 
of the Sarceophagidae have teen reported as causing nasal myiasis of 
man in parte cf India, but most of these have not been specifically 
determined. %, ruficornis seems to be among those most frequently 


cencerneds 


AUSTRALIA, While reports of destructive myiasis in man are com- 
paratively few from Australia certain parts are subjected to verita- 
tel plasue cf myiesis among sheep. The center of the region where this 
scourge occursasinsin New South Wales where work for the commonwealth gov- 
ernment has been carried on by Professor W.W. Broggatt for several years, 
Only a briet mention of the species concerned and the character of attack 
can ve given. Tue less is brought about through the blowing of the soil- 
ed wool, yarticularly around the vents of the ewes. The infestation af 
no* upouptly tzeated spreats forward in the wool resulting in a largee 
loss in the clip and often the larvae gain entrance to the bodies ofssheep 
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and produce their death. Even thouch penetration does not océur, the 
Skin is acutely inflamed and gives rise to fever, loss of appetite and 
Sometimes death, Frogeat states that -he has bred 1050 fiies from the--— 
mMageots in one pound of wool, 


Froggatt holds tha the vlowing of wool is largely an acquired 
habit on the part of Australian flies asspracticallf no cases of this 
kind were noted up to 1903 and 1994, euattributes the acquisition of 
this habit to the extended drought which destroyed large mmibers of un- 
imals of all kinds und resuited. in the groduction of uyriais of flies. 
He thinks that uuring this neriod several srecies of flies ecquired the 
habit of derositing in "smelly" wool, ue also considers the more ex- 
tensive breeding of neavy wooled sheep to ve a contributory factor. It 
is certain that injury from vlow flies nas aeveloped from an alwost une 
noticed trouble to s& problem of first hagnitude within the space of a 
few years. During the first few years of the acute trouble the small. 
yellow nouse fly (anastellozbihe augur)i), end the »olden neiv slow fly 
(Pollenia villosa) eppeared to ve tne beincipal culprits. In 1913, 
when the work wes taken ue. more axtensivsly it was Zound that the "green 
and blue" sheep .ageot fly (Fycnosome riufifacies) was assuming first ine 
portance iu connection with tae infestation of sheep. The uifference in 
apparent injuriousness is probably rsoverned largely hy the soc.sonel cou 
ditions aso in tue case of species in eur own country, P, rufifacies ave 
farently veing concerned largely with cases of sylasis in summer ana Ay. 
augura uuring the ctdob weather, The life nistories of tnese flies vo not 
differ iwateriaily from that of the screw-worm fly, tne life cycle béing 
completed in about two weeks under favorable conditions. Other species 
Which have been bred from widl in Australia are Pycnosora varipes, tye 
Anthomyid, Oghwra nists, Serceophape orifrons, and tne ocsicpoliten Lu- 
cilaa sericata and L. cKesar, and possibly L. tusinwMiensis, 


ee 





SUBDERMAL MIGRATORY SPECIES, 


The species concerned in tuis fora. of myiasis are truly parasit- 
ic, In the cases of wan they cai not de considered ss vapecially dean- 
gerous, out in aninals they assume first rauk as avstructive parasites. 


The type of myiasis produced tyythese larvae is described under 
various names in uwedical literature but especially wentioned us creen= 
ing uisease. ‘This is owing to the movement of the larvae in the subcue 
taneous tissues, In the United States we have little concern for cases 
of myiasis in van-produced. by this group of flies as they are commarasiv’ 
tively infrequent. The species concerned are Hypoderma, ;robably most- 
ly lineatum and Gastrophtlus, pvobably rostly intestinalis (equi), Un- 
fortunately the larvae concerned nave not been vreserved usually und in 
very few cases nave any lurvae from ian veen reared to raturity. 


The sanitary entomologist is little concerned with the Oestrids 
infesting cattle, but on account of their .iaportance they are nere orief- 
ly wiscussed. There are two species, o, linsatum and h. bovis concern- 








ed, the former is the predominant form in the United Otates, especial~ 
ly in the southern three-fourths of ihe country, while the latter is sore 
restricted to the northern tier of States, New Wngland and Canada. The 
adults are known es heel flies und aepostt on the uairs, principally on 
the legs of cattle. These eggs hatch in ebout four uays ané the larvae 
Benetrate the skin at the point of attachment or in some instances way 
be taken in by licking. After several wonths spent in the body of the 
animal they appear auring the late fall and winter wonths under the hide 
afong the wack, forming subcutaneous tumors, When full prown these grubs 
emerge from the nost, urop to tue wround und wfter about twenty-five to 

. thirty-five uays spent in the pial stage produce flies which are ready 

. to uttack cattle the first warm aays auring spring, 


" 


Several cuses nave recently coe under the observation of Mr. E, 
W. Laake und the writer of tne occurrence of this species in the. vacks 
of horses, These ure responsible for the production of lesions which 
practically render tne vse of the infested oninals us suddle norses iim 
possible, . 


There ere a number of records of the occurrence of the youpe lar~ 
vae of these rlies in nan, especially children. Attention is usually 
first culled to them on uccount of pain, soreneassor itahing in the re~ 
@ion of the shoulders or fuce. The irritatton is sometimes rather a~ 
cute uid its location moves with the burrowing of the lurvae, Before 
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i becombug uature the zrubs appear near the surface under the skin or be- 
; neath tne rucous membranes of the mouth. and can there be extracted with 
ease, 


These infestations probably cone. ubout through the wccidental de- 
positions of eggs om tne bodies or clothing of man, espocially children, 

- The possibility of this wethod’ of infestation is euphasized through tie 
experience or Dr. Glaser who while studying ox warbles in Gersany bad ao 
fly deposit an egy, on nis trousers which in aue time hatched und the young, 
larvae penetrated the skin of nis leg. Tater its presence iu tne oesoph-~ 


d ageal region was aetected by au uncou.fortable feeling, The iarvaa appar- 
) ently passed uo the oesophagus and later was extracted at the buse of 
one of the lower iwolar teeth. 


In instances where the Oéstrid fly of the gewims Gastrophilus at- 
tacks .an the conditions surrowmding the infestation us well ws the ex- 
. act identity of tne lurvasare less well understood. It is supposed 
that the young lurvoe are in some way brought in contact with the imue- 
cous iwembranes of tne lips, wouth or eyes und penetrate them, later 
eppearing under the skin und woving about in a manner somewhat similar 
to Hypoderma. The life histrery of the species of this genus will pe 
discussed under intestinal myiasis. — | 


oe ae eee 


AMERICA. In America in addition to the Hypodermas we have among 
the lower sanmals aermal ayiasis produced oy several different species of 
Oestrids in the genus Cuterebra. These are most cormonly wet with in 
: rabbits, squirrels and certain field mice. Usually they uppear to cuuse 
| no eerbous injury except ii the case of one form which is proné to at- 
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tack the testicles of squirrels und has been yviven the name of ¢. Pwo S— 
culator. 


In South Awerica a very interesting end more iuwportant foru of 
myaisis in man occurs. This is produced by the Oestrid, Dermatobia 
hominis, This form oppears to de normally the purasite of cattle, 
horses, uonkeys and certain wild anirals. It is reported as being a 
serious pest of cattle, in sowe cases causing the deatn of any calves, 
especially when tue cutaneous twiors becoue infested with larvae of 
Chrysonyia. 


The life history and habits of the species have not been fully 

@@ludicated, although a number of important contributions have been uade. 
It is generally concluded that the uwethod by which it infests man is 
brought abouts in the following indirect but very interesting manner. 

The eggs of the fly are deposited either on the bodies of certain blood 
sucking insects, wspecially the mosquitécknown as Janthihosoma lutzi, or 
attached to leaves frequented oy théselinsects whence they adhere to 
them. The eggs ure attached vertically on the under side of txe abdo- © 
men or on the legs. The embryos appear to remain cvormant though fully 
developed within the egg and when the dlood-sucking dipteron finds a 
host the heat of the animal or the blood thken up stimulates the larvae 
to break from the shell and penetrate the skin of the host. Dermal tu- 
mors are formed by the larvae, a well-yarked hole opening to the outside | 
@S in the case of the ox warble. When the grubs become full grown they 
leave the host, drop to the ground and transform to adults. The period 
in the host ranges from two to six months. During this time there is 
more or less inflammation and sometimes acute pain. This form is wide- 
ly distributed through tropical America, 


In South America Dr. J.C. Nielson has reported the otéurrence of 
the Muscid flies (Mydaea anomala and M, torduens) as producing subcuta- 
neous tumors in various birds in parts of Argentina, 


EUROPE. Several cases of aermal myiasis have been reported, es~ 
pecially from Russia. These are attributed to infestations of larvae 
of Hypoderma and Gastrophilus. 


The infestation of reindeer in Lapland and farther south in Nor-~ 
way by larvae of the Oestrid fly (Qedemagena’tarandi L.) should be men- 
tioned. The infestations are almost analagous to those in cattle caused 
by Hypoderma. The eggs are laid on the hair during the spring and la- 
ter the larvae uppear in the submucous tissues of the back, As many as 
300 have been reported as occurring in « single animal. This same spe- 
cies no uoubt infests the reindeer in Alaska end Canada, 


AFRICA, In Africa the outstanding form of dermal iyiasis is pro- 
duced by the Muscid fly (Cordylobia anthropophaga) commonly spoken of 
as the Tumbu fly, The larvae ure known as "Ver du Cayor." These devel- 
Op in the skin of man and various other hosts including dogs (probably. 
the preferred host), cats , horses and other domestic und wild animals. 
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The attack is painful but not serious though no doubé when numerous spec- 
inens are vresent unpleasant symptoms follow. The life histopy of thés: 
form hasrnot been entirely elucidated but it is generally believed that 
the aos are Be on the ground in places frequented by hosts and 


oe af. ; , airectly through the skin. In some cases 
at appears “he epg: phy te pdén deposited on clothing, especially if 


‘moist with perspiration. They appear in March und diminish wtil’ some 
time in September when. they entirely dis appear. “xneriments conducted 
by Roubaud indicate that the choice of sost aepends mainly on body tem- 

- perature. ye eeapendetpers tins}et* h6gs.and fowls being fatal. 


ta 


Sandy ob Le rodhaini is the cause of cutaneous uyiasis in the for- 
est regions of Africa. wan is un accidental host, the soecies normally 
infesting thin skinned wild mammals, According to Rodhain and Bequert 
who save given mich attention to the biologies of this and related spe~ 
ches, the eggs are deposited on the ground in the burrows frequented by 
the animals, the larvae hatch out und renetrate tae skin when the hosts 
are lying upon them, The larvae cevelop within the host in twelve to 
fifteen days. The wupal stage which is passed.in the ground, ranges 

. from twenty-three to twenty-six days, the life cycle being about forty 
days. Another Muscid, genus Bengalia (especially B, depressa) causes 
cutaneous i:yiasis in wan in Rhodesia and other parts of Africa. The 
eggs are deposited on the clothing or person. of man and on the hair of 
animals. 


Another interesting form is Neocuterebra Squamosa which develons i 
in the adipose tissues tn the soles of the feet of the African elephant. 


INTESTINAL AND UROGENITAL MYIASIS,. 


There is every reason to believe that myiasis of the intestinal 
tract and urogenital openings results largely fron careless modes of 
living. .The tyses of myiasis included in this group. should not be con- 
fused with urogenital myiasis caused by Chrysomyia and related forms. 

A large percentage of these cases is purely accidental and there is no 
doubt that a great many larvae are ingested with food which never pro- 
duce symptoms to attract attention to their presence. Several differ- 
ent families of flies have been recorded as causing intesitnal myiasis, 
one of the most common being the rat tail larvae of the family Syrphidae. 
Records of intesttnal myiasis due to Sarcophagidae are also numerous 

-but if should be borne in mind especially with this fly that there are 
many opportunities for mistakes and with little doubt in many instances 
the larvae are not passed but are deposited in the excrement by flies "1° 
which have the habit of visiting and depositing larvae almost instant- 
ly after defecation. 


The whole group may be subdivided into those forms which are di- 
rectly parasitic, such as horse bots, and others which are more or less 
accidental. 
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AMERICA. The importance of the horse bots in infesting equines 
is such that a.briéf discussion is necessiry. The sanitary entimologist 
must necessarSly concern himself with the vrotection of horses in the 
cavalry, arttllery, etc. from the ravages of insects as well as to look 
after the welfare of. the troops. In this country there sre three spe- 
cies all of which are of considerable sconomic importance. These are 
the common horse bot, G. intestinalis DeG. (eoui Vi), the chin Ply. or throat 
bot fly G. nas¥lis L., and the nose fly G, haemorrhéidelis L. These 
three species ane widely distributed throughout the world and will be 
met with as pests in any of the present war theaters. Certain other sne- 
cies are also. rresent in European and Asiatic countries but these are of- 
tess ilportance. pete: va a ee 





The life history: of the common bot fly is about ss follows. The 
eggs are attached to. the. hairs of the host, mainly on the legs but fre- 
quently on other parts. These are ready to hatch in from nine to forty 
days. The larvae are removed: feum the dges by the biting and licking of 
the host. They take up. their abode in the stomach, remaining attached 
to the mucous coatings of: the pyloric end of this organ untib fully grown 
several months later. They then detach and pass out with the manure, pu- 
pate near the, surface of. the eround and produce the so-called hot flies 
three to six weeks later. The cycle is completed in &bout a year. The 
life history of the nosefly and throat bot are similar but differ esrec= 
ially in the wethod of oviposition. The former deposits itseeggs which 
are nearly black on the very i:inute nairs around the lips. The young 
larvae gain uccess to ‘the uouth and dévelon as in’ the common bot fly but 
before wassing out they usually catch hold of the uucous wembrane of the 
rectum and «re often seen »rotruding from the anus a few uays before drop-= 
ping. The annoyance produced by the ovinositi6én of. this rly is very se- 
vere. The throat bot ueposits its eggs uainly under the jaws and the laz- 
vae ure often found in the auodenum end-also attach in the stomach, 


In adfiition to the annoyance ;roduced at the time Ccggs ure depos 
ited neavy apt Ose Heep Ss) in the stomach interfere with digestion and casss 
are recorded. where the larvae cause aeath sy. stoyping the pyloric open- 
ing. The irritatdon of. niger whichiagybbe present in numbers exceeding 
1,000, aust be detrimental to the host. The throat bot also uttaches 
in the -harynx in its early stages und is accredited with causing ethe 
death of onitals from this nabit. 


Cases. of dermal myiasis in ran attributable to these species have 
already been mentioned. European writers have ulso reported the occur= 
rence of larvae of Gastrophilus in the eye of man, 


Passing to those forms which are more or less accidental the Sar- 
cophagidae demandsfirst attention. Hasseman has reported a case in which 
an entire family was infested with the larvae of Sarcovhaga haemorrhotd- 
alis, the ..aggots being passed in considerable numbers auring warm weath- 
er. Numerous other similar instances have occurred end in practically 
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every instance they are traceable to leaving foods exrosed to flies 
between meals. Since the Sarcorhagids deposit living larvae on meats 
etc. they tay be easily overlooked. 


x2 Cases of intestinal uyiasis due to Hristalis larvae are common 
in this country. A »ood summary of these casés has been made by Hall 
& Muir. It avpears that they sometimes sive rise tc acute colicky 
pains but uo sérgous symptoms. As is well known, the rat tail ‘larvae 
are to be found in decaying vegetation and in vwatercanditpessource of 
infestation wust ce through the swallowing of uncooked and moorly c 
cleaned food such as watercress, lettuce end the drinking of unclean 
water. The Tolle wiry cies nave been recorded in this connection: 
Eristalis ronan a, Ske dina dia CAtE ond Helo ehilus. vendulus. 





‘The cheese Waggot or skipper is referred to ina Prber of in- 
stances as ‘the cause of intestinal myiasis, often producing intense 
colic and this form has also been recorded from the nose. On account 
of the common habit of this fly of depositing its eggs in cheese and 
smoked meat it,’ is no doubt often eaten in considerable numbers ani. the 
cases where it gives trouble uust ve commaratively few, This insect 
ae its complete life cycle in the foods: mentioned above, usually 
attaining the adult atage in about three weeks, It is world wide.in 
ae ect Oris ok 


Bpecies of Muscina,- esvecially M. stabulans, have been met with 
frequently in cases of intestinal mviasis, Polke ak in 1 Europe. 





PRE Mee Tira tionse is charged with a case of fatal intestinal 
myiasis. 

Hydrotaca meteor ick, which form is frobably A eerel ty Predeeeone 
in the larval stage, has heen found to produsé intestinal myiasis... 
Blood is sometimes passed acconmmanied with severe pain, 


Larvae of the common house fly have been passed in living con- 
dition, sometimes preceded by rain. Most of these cases have been in 
infants and the larvae no doubt usually gain access through the anus. 
These cases usually result from improper care. 


The cluster fly (Pollenia r udis) of the family Muscidae has 
been reported in a case of intestinal myiasis, It is difficult to see 
how this form could gain access to the huvan alinentary tract since it 
is normally found only as a parasite of earthworms. 








The Anthomyid flies of the genus Fannia save been recorded as 
causing serious gastric disorders. Among vhe symptoms arc abdominal 
pains, nausea ond vomiting and sometimes vertigo, heeduche aud vioody 
diarrhoea. Fannia cani¢ularia L., commonly cailed che lessee hovs3 
fly, and F, F, scafavis, are widoly distributed and treed in vacicus de- 


cay ing vegetable watter and excretent. 
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In the urogenital infesting group the above mentioned species of 
Fannia which are also known as the latrine flies figure most vrominent- 
ly. These epecies are rather strongly attraéted to human excrement, es< 
pecially urine. This habit is undoubtedly responsible ior the infest- 
ations of the genitalia, Such infestations umst certainly ve attributed 
to the exposure of the genitals in sleep by drunken or careless persons 
or occasionally infants. Robineau-Desvoidy has reported a case in which 
an Oestrid larva was passed from the bladder by a woman, Kollar has re- 
sorted the occurrence of a large number of larvae of the conmon house 
fly in the vagina of a diseased woman. Chevrel has brought together a 
number of records of cases of myiasis of the cenitalia. 


In certain parts of tropical America and the West Indies, India, 
Beylon and the Malay: States the small Phorid, Anhiochaeta ferruginea 
Brunetti has been found infesting the human intestinal canal in many 
instances. Brunetti states that specimens of this fly were sent to 
the Indian museum by Crombe with a statement that "eggs, grubs and flies 
were all voided together." This occurrence, together with observations 
made by Baker and reported by Austen, indicate that the flies are ca- 
pable of living and devositing eggs in the human intestines. This is 
also substantiated by the fact that larvae of this fly may be passed 
with excrement for as long as a year with syumtoms similar to those of 
beri beri. Other members of the family Phoridae have been found in 
human corpses buried for two or more years; living larvae, pupae and 
adult flies being found together. 4. ferruginea breeds in excrement 
and often frequents various foods including fresh meat. It also breeds 
in carrion. Its snall size enables it to rass througn ordinary screen 
wire and thus increases its potentialities for producing disease. 


EUROPE. Nearly all of the above mentioned forms ure to be en~ 
countered in ;arts of Europe, In the Mediterranean countries one would 
expect to find « greater number of forms leading to these types of Ly- 
lasis, 


. AFRICA. Several of the previously mentioned forms occur in Af- 
rica. The Oestrid larvae (Pharyngobolus africanus Br.) commonly at- 
taches to the walls of the oesorhagus of the African eleohant, and an 
Oestrid of the genus Cobboldia (C, leXodontis Br. and C, chrinidifor- 
mis Rod, & Beq.) ame found in the stowach of the African elechant, and 
C. elevhanis Cobb. attacks the Indian elephant in a sifilar way. ‘Spe- 
cies of Girostigra in the same family infests the stomach of the Rhi- 
noceros, Anthoryia‘disgordiensis is said to be not infrequently pass- 
ed from the intestines of man in Angola, 


FORMS PRODUCING MYIASIS. IN HEAD PASSAGES. 


All of .the species includéd in this group are normally parasitic 
on animals and infestation of ran although not uncommon must be consid~ 
ered accidental. In the lower animals the attack of these larvae is of- 
ten quite injurious though not usually fatal in itself. In man the vrin- 


Cipal injury sustained is tn the effects on the eye whén it happens to 
ve attacked, 


- 
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AEB LOMERICA. 


the sheep/mifeot (Ocestrus ovis L,) is the vost important form in this 
group. The fly deposits living larvae on the nose of the sheep and 

the young maggot works upward through the nasal passage, later enter- 
ing the head sinuses. The iaggoBs are Quite spiney and hence must pro- 
duce much irritation. They uprear to subsist upon ‘the mucous secretions 
of the head cavity. Several months are passed in the host and the lar- 
vae drop out and pupate in protected places on the ground producing flies 
a few weeks later. | ar 


I know of no record of the attack of man by this species in the 
United States, but in other countries it frequently attacks the s6yes, 
nose, wouth end ears. The fly deposits the lurvae so quickly that 
there is little opportunity to protect ones'self, The most serious 
syuptoms develop fron infestation of the eye where lervae produce se- 
vere conjunctivitis and in some cases if not promptly removed cause 
the loss of sight. | 


In this country the Cervidas (deer, elk, ete.) are attacked by 
Oestrids of the genus Cephanomyia (C. pratti, phobifer and' macrotis). 
The larvae of these flizs ure found in the head passages, pharynx and 
even in the lungs. 





"EUROPE. The sheep head bot has a wide distribution in Burope 
and is responsible for loss umong sheep and infestation of wan as 
above cescribed. 


Probably the most important spemies in this group is Rhinoestrus 
purpureus Br, which is a very common parasite of the horse in Russia, 
Hungary and Italy. This form is ulso responsible for cases of myiasis 
in the eyes of wan, the attack apparently being similar to that of 


fi ~% . i | : 4 + 
(Oestrus ovis,. Horses are infested by the flies which deposit larvae 
in the nose or eyes. They are uuch annoyed by the depositicn of the 


insect and the larvae give rise to fits and other symptoms mistaken 

for strangles sonetimes result ‘in death, The species is also known 

to attack the zebre. Cases of the o&currence of this species in the 27 
eyes of man have been reported from Jerusaiem, and are not infrequent: in 
southern Russia. 


The reindeer in Europe are subject to the attack of Cephanomyia 
troupe L. in a way similar to the infestation of sheep. Nativig re- 


ports the finding of as many as 100 larvae in the nasal cavity and 


larynx of a young reindeer. 


AFRICA. In Algiers, especially, 0. ovis is very destructive to 
sheep and many cases have been reported by the Bergents and others of 
the infestation of man by this species . The horse head bot (R, pur- 
pureus occurs in the Egyptian region, The camels are infested by the 


Oestrid, Cephalovyia uaculata Wied. (Cephalopsis titillator Clark). 


Many species of Oestrids occur in the head passages of African 
aninals. Rhinoestrus hippopotari Grtimberg occurs in the skulls of 
hippopotami and apparently this species attacks hogs. he genera 


In the United States as’ well as in all parts of the world 
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Gedoelstia and Kirloestrus each contain species which. infact the head, 
sinuses of African wild mammals, 


BLOOD SUCKING FORMS, 


This mode of attack is not generally considered myiasis but .it 
seems to have a logical place in this disuussion. All of -the species 
having blood sucking habits developed among their larvae are to be 
found in the family Muscidae, Up to the rresent time there -seems to 
be comparatively little importance attaéhed to them although such forms 
as the Congo floor uaggot may be responsible for the introduction of 
disease cerics into iLAN « 


AMERICA? The ony representatives of this’ group:fovnd in North 
America are Protocalliphora azursa and P. chrysorrhoea,:' The sirst ien- 
tioned species is found coxmonly in Europe where it was first recorded 
as feeding in-the larval-stage on nestlings of’ the. sparrow and other 
birds... This. satie habit has heen observed in the Un?ted States. The - 
second form which is quite common in the nosts of larks and other ec 
in the southwestern states appears to cause a defininte dermal uyiasi 
as the larvae ure frequently found rartially imbedded in the wings, Tae 
and body tissues of:'the floggelings.. The fly“ (Myddea pici. wad.) J is 
reported as infesting young birds in a similar way-.in Brazil, 


BUROPE. Protocalliphora az waurea above mentioned is cuite common 
in the. nests. :of birds:-in France and Ps sordida has similar habits, 


APRECA, “The form: wetoh is espec ally: fateroatine’ nd jmpontentl 
in this sroup is the’ African floor waggot (Auchneromvia leuteola). 
This fly uppears. vo ue" very closely «ssociated with man, The «adults: 
are found in-the. dwellings and about latrines in tropical and. subtron~ 
icaltAftica. ‘The ezes ara aanosited on the 4 dry soil of the-floors or 
native nuts, especially under sleeoing uats, The larvae. come out at 
night und uttack the’ sleepers, f11: ng with blood in, aavery short 
time. The adult is also a blood sucker. The-larval stage occupies 
about fifteen uays and the oupal stage about sleven days. ‘The larvae 
do not burrow into the tissues but simply attack the skin with the 
mouth sooks and suct bhawe Loud . 


The related »enus Cicaeaieie contains three or four species in- 
cluding Choerophaga and Doveti which occasionally bite uan.but normally 
live in the burrows of such hairless animals as the wart hog und ant 
bear. The nabits are sintlar to the floor uegeots 


= 2 . + o Ww 
Certain birds ure attacked vy the larvae of Passeromvia hetero- 


chaeta Vill. in a way similar to that reported vor Protocalliphora, 
This form occurs in central Africa und. also in China. 
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PROCENDINGS OF THE CLAGS FORNID 10 siupy TTT rovo}OGr, | 
OF DISRASE, HYGIENE AND SANTTATION, 
Lecture 27. MYIASIS -- ITS PREVENTION AND TREATMONT, 
Novetuber 18y. 1918. ®.C. Bishopp. 


In a preceding lecture the saabits and biologies of + 
species concerned in myiasis in ran and animals have beer briefly out- 
lined, An accurate Enowledge of the species concerned and a te ven~ 
eral idea of its biology and habits are essential to the prope 


ling of nyiasis, especially wnen the cases are numerous. 


L 


In discussing control of the flies concerned und the treatment 
of cases the same gereral erouping as tade in the previous becture will 
be followed. . Where various spectes of blow flies and releted forms are 
numerous inmediate steps should be tazen to determine the source of 
supply and energetic steps amplied to prevent it without watting for 
the appearance of cases of myiasis in ran or eninals. 


Tissue-Destroring forms. 


PREVENTION OF BREEDING. Since practically all snecies concern- 
ed in the production of this forn of myiasis develop withia decaying 
animal matter, first attention must be given to this roint,. 


nirals are soure 


Burming of carcasses. The carcasses of 
r at over a mile 


ge ani 
ces of tremendous nmbers of flies. We have estimated th 
lion specimens muay be produced in the body of one cow. Nothing is as 
Satisfactory as coumlete destruction of carcesses by burning. This not 
only prevents fly breeding but reduces the chances of tue propagation 
of such diseases'as bluck-leg, anthrax and trvberculosis. Ce roas*hurn- 
ing can be carried out under rractically any condition with which the 
Sanitary entomologist will have to deal end the process is by no means 
difficult nor expensive, Various methods heve been advocated but we 
save found nothing equal to the following: Dig a trench abeut eigh- 
teen inches wide, twelve or fourteen inches deep and equal to the length 
f the carcass to be burned. This trencn should be dvg parallel with 
the prevailing wind and ulong the oack of the carcesses, fill the trench 
with wood and then turn the animal saver on top of it. Start the fire 
in the windward end of the trench and no further atteiution is necessary 
for several hours when the extremities may be ;:iled in the center to 
complete burning. The placing of wood on top of the carcass and addi-~ 
tion of wood after the fire has started are unnecessary. Ahout one- 
Quarter of u cord of wood is adequate, 2nd where wood is scarce burnei: 
ing nay be accomplished by using crude oil,- Of course « few sticks of 
wood beneath the carcass will nelp hold the heat but this is not nec- 
essary. Ten to twenty-five gallons of crude petrolem «re sufficient. 
The odor from carcass hurning is not  swery.jl,; objectionable, aspec- 
ially if the animal is aestroyed soon after death. 





~336~ 


Carcass Burial. “Burial is penerally unsatisfactory, especial- 
ly if bodies ure well infested with weageots, Waethave found that at 
least twenty-four inches of finely packed earth are necessary to Tren - 
vent their escape. The free use of quicklime on the body after it has 
been placed in the grave helps to aestroy the rageots and reduce chan- 
ces of disease snread, We nave not vet undertaren experiments with 
the treatment of carcasses for wurial with creosote oil, but judging 
by cesults obtained from treating thoss cn the surface this should be 
@ »ood wethod of uestroying larvae, reducing odor and «illing disease 
organisms, 

Treating with chemicals. Wearlv all uaccots of this class of 
flies ure exceptionally cesistant to tne action of chetiicals, We have 
found some to survive submergence in very destructive insecticides. 
Forenan und Graham-Smith working in Ibngland have found that creosote ii 
oil, which is one of the higher distillates from coal tar; is cuite 
efficacious in the treatment of cereasses. Two things are accoumlish- 
ed - the sajorityiof the larvae are actually hit by the soray and des-~ 
troyed and Geconposition is practically stopped with corresponding re- 
duction in odor, In recent experiments conducted at the Dallas labér- 
atory we have found that several Acverican maxes of creosote oil are ex- 





cellent for this vurpose. Small carcasses thorotighly sprayed before in- 
festation takes place will remain free from infestation, the flies be-— 
ing repelled by the substance and odor practically prevented, The car- 
Cass usually shrinks and assumes a crammified condition. Such creosote 
Oils are nanufactured by a number of cencerns and is usually sold at 
prices ranging from sixty-five cents to one u0llar per gallon, accord- 
ing to the per cent. of coal tar wCids contained. Rather high rercent- 
age of ‘these ingredients (at least 12%) is best. 


Since direct sunlight is a vowerful destructive ugent in the semi- 
arid and arid regions, if burning cannot be accorrlished the carcasses 
suouid bé left in the wost exiosed place:possible - not ina sully under 
snade us is usual. This will often resvlt in about 85% control. 

Disposition of Garbags. the question of garbage disnosal has 
been discussed briefly in another Lecture. “early all cordape is ate 
tractive to blow flies as well as other forms and the bone and meat 
scraps become infested, Where incineration is practicable it is most 
desirable. When fed to nogs the bones should be rickted out and plac- 
ed in a screened compartment or treated with borax om creosote oil, 


DESTRUCTION OF FLIZS, fn gereral the destruction of flies should 
be considered as secondary to the elimination of breeding places, but 
under vertain conditions this method of attack has its piace. 


Trans. Various types of traps have veen devised for destruction 
of flies but a careful corparison of many different forms in experiments 
Carried out at the Dallas Laboratory shows that there is much difference 
in their efficiency ana also that some minor changes in the construction 
of a trap may greatly imnrove the sxe of the catch. As a resuktt of 
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these exreriments the fly trap uescribed in Farmer's Bulletin No. 734 
is being reconmended sy the Bureav. This trap appears to be the best 
ail round form for catching both houseflies and blowflies. Of course 
the frame work of the trap need not be wade of hoops and barrel heads 
as suggested in that bulletin Bitton those. urove very satisfactory. 
The essential princ iples are wo have the high core, comparatively 
large orening at the top of the i screened urea over the cone to 
admit light from above , screened des so as sot to cast shadow around. 
the bait, und lezs about one (ae outta The tent trans are not as ef- 
ficient as the cone traps .nd this inefficiency is especially marked 
in some razes of traps as are now oeing furnished the army which are 
built with a broad bottom on either-side of the tent. This reoels the 
flies to such un extent as to make the. traps almest warthiess.' For - 
blow ilies this warkened urea is not so ohjectionable as tor the house 
fly. While not strictly — trap the method o covering carcasses with 
burlap as recently suggested by Froggatt in Australia may be of value. 
Four stakes are driven into the ground around tne carcass, and the. tops 
of these are connectéd ‘with a heavy wire. The cariopy is then put-over 
the stakes, brought to the ground and dirt piled on the edges. When 
the flies emerge they are imprisoned and soon die. If the canopy is: 
not sufficiently large ‘there is danger of nany escaping through the nmi- 
gratory habit of the larvae. 


Haier “oat LO use. This point has bee 
lecture. Good baits and proper at téentién to il 
essential to best resutts. 


= 
tS 


Foisom,Poisons. It is possible to destroy large numbers of EIies by 
means of poisoned baits. Arsenic solution made by boiling arsenic in 
water mixed with defibrinated blood, gut slime or seme other attract- 
ive bait wiil kill large numbers. ‘This bait may be placed in covered 
containers to prevent dilution by rain. Cobalt way be substituted for 
arsenic. When carcasses can not be burned Froggatt has advocated 
slashing them and spraying with arsenic sokition. This noisons large 
numbers of flies and maggots and reduces the attractiveness of the 
carcass; so nich so, in fact, that birds and animals will not touch 
it. 


Avoidance of of Attack on Man. To prevent fly attack it is nec- 
essary to have wounds promptly and properly dressed. Man should a- 
“void exposune by sleeping in the open during hot weather, especially 
if there is any trouble from catarrh or-nose bleeding. Properly screen- 
ed hospitals are of much importance and individual blow flies found 
within shouid be. promptly killed. 


Avoidance of attack to animals. In preventing screw-worm at~ 
tack in cattle and other live stock there are several important points 
to be considered. Breeding should be done so as to have ‘calves come 
during fall, winter or eariy spring months. Rranding and surgical op- 
erations should also be done out of screw-worm season. Care should 
be taken to avoid mechanical injury to stock. As the screw-worm flies 


SAR 


are worst in brashy pastures clearing out oll underbrush will be Found 
beheficial, Since many cases usvelop from infestation of ticks sand 
mange, the uestruction of ticks und .ange rites on unirals is isort- 
ant. Care should ve cxercised to xuard sugainst extensive saddle or 
harness sores on army aiimals, 


Methods of preventing vlowing of wool on sheep hardly need to 
be discussed fully nere, tGhearing carly in the spring, aveiding the 
soiling of wool, raising hornless »reeas and the crutehing, that is 
clipping the «ool at the vent and ovhind the hind legs ureatly fe- 
duces infestation. 


TREATMENT OF INFESTATIONS IN MAN. Nasal nylasis is the rost 
difficult to handle. The iarvae shovld ve reor.oved mechanically as far 
as possible. «A number of uifferert treetuwents have been resorted to, 
the administration of chloroform in the nose Leing the woot used. 
After @1] aurvae save vaca taken away it is usually necessary to ea- 
ercise care to nrevent oreaking of nmlood veovels which ere frequent- 
ly greatly cavosed oy austruction of the surrounding flesh. In wost 
wounds the icrvae are quite easily removed. O8 course the details of 
the care of the ~atient is u natter to te determined oy the physician 
in charge, . 


TREATMENT OF WOUNDS IN ANIMAUS. Chloroform is the wost cener~— 
ally used of ull reagents und is usually satisfactory. The chloroform 
is poured directly into the soles and the «ounds closed up. This be- 
numbs the larvee sc that they cun be talten out with a forceps. Carbon 
tetrachloride is ulso satisfactory for this use und considerably eneap- 
er. siter the larvae huve veen taken cut antiseptic estringent dress- 
ing should be upplied and nine tar or pins cil und vaseline applied to 
the outside to rezel flies, 


sub-Berral Migratory Srecies. 

The reduction of tne nusber of oxwwarhlesiin cattle is inport- 
ant from tne standpoint of the raiser us well aus to lessen the chances 
of infestation of uan and horses. The ost feasible method yet devis- 
ed consists in the squeezing out of the lurvae ZJrom the backs of the 
animais after they nave forred the subcutaneous tuvors. This should be 
done ut intervals of about three weeks, 211 animals veing gone over 
carefully. The yeriod for beginning extraction vuries according to 
latitude from October 15th to March ist, 


The question of controlling Deriatobia hominis in tronical Aner- 
ica, and also its African analogue, Cordylobia anthropophaga, has not 
been sufficiently worked out to wake satisfactory recounmerndations. No 
doubt where live stock are under control systenatic extraction will re- 
duce the iwomber of these both in animals and wan, When humans become 
infested it is usually advisable to allow the larvae to become station- 


ary and then remove it through the hole in the skin. It may be necessa-— 


ry to enlarge the hole jo vet it out most easily. In the 


in? «-§  , 
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¢use of the Auerican forms the bite fron various blood-sucking cip*tena 


Should be prevented us far as possihle. ‘uving the oody well ~rotoct- 
ad with clothing will also probably reduce injury frou both of these 
species, On account of the rvobability that some of the African par- 
asites of this class deposit ergs on exposed alothing, especially ‘if 
wet with rersviration, this sncvid be guarded agsinsd. 


M4, - + eee 
SPECTES CAUSING INTSTIVAL AND UROGENITAL MYIASIS, 


CONTROL OF TRULY PARASITIT SPECIHS, in Animals, There are 
three principal methods of attack against the tots of horses, me 
destruction of eggs will accomolish much good in tha cise of Gastro- 


philus intesiimelis and is applicable to some extent to CG. nasalis, 


but apparently can not be practiced in G, haemorrhoidalis, Dove Aas:* 
found that the common practice of washing the legs of horses with ker-~ 
osene oil has but little beneficial offsect., The creosote derivatives 
containing about two ver cent. phenols destroyed the eges readily. A 
Miscible creosote commound reducsa with water to this gtrergth ard ap- 
plied with a rag or brush at the time the horses are groomed will de- 


stroy practically all eges present, . Such treatrent repeated weekly 
; CPOUD LSA 4 } ‘ ] 
should’ alt.ckt complete control. In this way ammy horses and mutes hay 


be kept practically free from infestation. Of course the grooming it- 
self will tend to hatch eggs and get rid of larvae, Clivping of the 
hair on the legs has also been recommendéd but.is not entirely satis- 


‘factory, Love has exverinented wéth certain halter devices fon the 


trotection of horses in nesturesaand also with various types of guards 
to be used on horses in harness to prevent the attack of the nose ELy 
In the first case he used a halter fron which is suspended a box-like 
arrangerent that covers the nese when the horse nas its head wp, vut 
permits of grazing and drinking. A canvwas extends baci: under the jaw 
to nrevent deposition of eggs by the throat bot, and of course the cov- 


ering of the mouth prevents the ingestion of .eges of the comuon bot. 


The nain difficulty has been the production of a durable device of this 
Kind. The nose flv attack is best prever.ted by a rectargular paece 

of belting being suspended from the bit rings inmediately below the 
lips. 

The internal treatment, of infested animals with carbon disul- 
phide has been found to be very effective if properly dore. Three 
3-dram doses at hourly intervals are given in cepsules succeeding 4 
seriod of starvation and followed by a purgative. 


Prevention of Attask in Man. The reduction of the nurber of 
bots by treatment.of the lower animals will greatly reduce the chan- 
ces of infestation in man. Care should be exercised not to ingest 
eges or larvae when infested horses are being clipped or groomed, 


PREVENTION OF ATTAGK BY OTHER FORMS. This group includes those 


“species accidentally infesting wan such as the Miscids, Fannia, Mus- 





ca domestica, Musciga snp. and Syrphus flies. 


Destruction of Breeding Places. Since uost of these forms are 
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breeders in excrenentitious wzatter und decaying vegetation the proper 
care of manure of all kind is important. This has been aisuussed in 
other lectures. Since some of the species, especially the Fannias, 
breed in accurmmlations of decaying Vegetation such as atraw, roots, 
etc. these should receive attention, especially when close to camps. 


Destruétion of Flies. The use of trans is effective ugainst 
most of the snecies concerned except the small Phorids und Syrphids 
Which are nét inclined to enter traps baited with usual baits. Féas- 
sonsbaits and fly vaner will ulso vestroy some species other than the 
house fly. 


Food and Water. The careful ¢reparation of uncooked food such 
as cress, lettuce, etc. is important. No doubt many of the cases of 
infestation by Fannia and Eristalis nave been due to the eating of im- 
properly washed foods of this “ind. Drinking promiscuously from streams 
and pools should not be vermitted. During the present wer the provision 
of a good water supply for the wen has received first consideration. Of 
course this is important to prevent infestation with various disease 
organisms. Wistillation, filtration and chlorination are the prefer~ 
red methods of producing jure water. Where it is essential that water 
umst be taken from streams care should be exercisednnot to urink near 
vegetation, 


Use of Screens. Pro,er screening of houses will ao uuch to 
protect foods ufter preparation frou. infestation although some of the 
suall rorms cannot ve kept out in this way. & caseser uesh than 16 
nerinch should not ve used. The use of screened toilets of course 
can not be too strongly enphasized. 


Cleanliness and Careful Habits, Many infestations of the di- 
gestive system and genitalia could be avoided by not sleeping in un- 
screenec nlaces in an exvosed condition, Pronpt attention to infants 
is inportant, 


SPECIES INFESTING HEAD PASSAGES, 


These parasitic forms are very difficult to control and no very 
satisfactory control measures have been devised, Nearly all of the rec- 
ommendations nade are of little valve. Some of these consist of the use 
of repellents in the case of sheep. Pine tar is most frequently used = 
and this is applied by the sheep themselves, Toles in logs are used 
for salting and the sides are smeared with the tar. ‘Ths provision of 
plowed furrows where the ‘sheep can protect their noses probably gives 
some relief, For very valuable animals screened pens are no doubt 
warranted, the animals being placed in these during the rortion of the 
day when the flies are most active, There seems tc be considerable 
in effect of attacks on breeds. Attempts to remove the larvae from 
the nose by causing sneezing. or with fumigants are/PPEEly to drive the 
larvae deeply into the head than to remove then, Trephining the skull 
and removing the larvae in that way may give some relief but is usual- 
ly not advisable as other irffestations are likely to follow and all 
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the grubs can not be reached. Destructioncof acults has been advoca- 
ted and is especially applicable to plains areas as in such phaces 
flies are inclined to consrecate.on any objects whigh extend well 
above the sround. The flies assemble on such objects aad remain there 
except during the warmer rart of the day and rany naa be killed, 


Many of the control measures suggested Tor the control cf the 
ec 


sheep bot can be used against the hozse infesting species, Bical) 
Durpureus. It wight also be possible to utilize ruzcles sinilar to 
those advocated for the horse bots to protect against infestations 


from this species. 


Infestations in Man. Infestations of man are so infreauent that 
preventive measures need receive little attention. Where such infest- 
ations either by the sheep head maggot or horse head macro 
mon tne use of nets on the hats similer to these tsed tb 
would give rrotecticn. Medical attention should be Gor. 
for larvae ret.oval, especially if in the eye. 


BLOOD SUCKING SPECIES, 


terous rarasites are often highly in- 

O rtain beneficial varieties con- 

d Lannie: nothing has been done along 
S stated that the mortality among birds 


In Birds. Since these diy 
Jurious to birds ake esveci 

trol measurss should be con 
this line. In the SouthweSt it is st 
is very high owing to these parasites, 


Possibly trapping cf the adults in connection with the control 
of other destructive species would be beneficial 


In Man, The Congo floor maggot is she dnly species in this 
eroup requiring special attention. The use of beds insted of sleep~ 
ing wats laid directly on the flocr will give imnediate relief. Where 
beds are not at had hanuecks way be vsed. The avoicance cf sleeping 
in huts is advisabie. ‘Thorovghiy cleansing and disinfection of the 
floor should destroy many waggots and the elimination of cracks in the 
dirt will check their breeding. Where slesping ~ats are used by the 
natives they should be sunned and aired frequently. It is said that 
the maggots are carried from one hut to another in these mats so that 


moving the place of abode does nov elinirate the trouble, 
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PROCEEDINGS OF THE CLASS FORMED -TO STUDY THE ENTOMOLOGY 


OF DISEASE, HYGIENE AND SANITATION. 


Lecture 28, °.:_ . THE BED BUG AND OTHER BLOOD SUCKING RUGS:-- 
Noverber 18, 1918. «DISEASES TRANSNITTED, “BIOLOGY 
AND CONTROL, ae 


D. Pierce, 


Probably no species of blood-suckine insect is better know throuch- 
out all the world than the bed bug Cimex Ieytularius. This species and 
its congener , C, heripterus (rotumdatus) live in the seas of man and 
stick hunan blood. There ure « iueber of velated species, umone which’ 
“Cboue ti | in French: Guinea is oer s@id to suck’ the blood of:man.:> The 
Other specics are Lird purasites. , et ahaa 





On account of the habit of the bed bug of sucking the blood of man, 
but aidine vy cay in houses and venicles, this species has many oppor- 
tunities cf transritting cissases, provided that its methods of lifs 
conform with’ tic requirements uf the uisease orranis: 


Any disease which should be shown tu os sprcad untirely. sy the bed 
big Will * wndc’ foe aly mave uw LuGarLized. distribution, and is . very Jikely 
to ve conf ined to certuin buildings or. certain -roups of. buildings, but 
on the other hand way spread long uistamces by travellers carrying: tre 
bugs in suit cases nd oh their: clothes... It will uever ve possible for . 
a bed-bue-spread uiscwse to spread razidly like « fly-borne cr w.osquito+ 
borne disease. Tnere 18 souwe very. interesting. literature o.. tne vussi- 
ble disease transmitting role of bed bus unditnis wos osen oriefed and 
arranged oclow in the sume uunner that the discussions of diseases trans- 
ihitted by uther insects nave veen pg eoe ie. prece ding lectures. 





q PON Sect - OPLANT RINGDON. 


THALLOPHYTA: FUNGI: BACTERIACEAR. 


: | 
t : ®acillus lecsrae Hanson the cause of LWPROSY hus scen considerably 
. - “experimented uon with « view ta determining the possibility of bed-ous 
, .° transtidssioh, Carmichael, in 1899,. suggested the possibléiconnection be~- 
tween bed bugs and leprosy. Long,.-in 1911, conducted,e-nerirents. He 
allowed’ two bed bugs to: bite lepers in the neighborhood of: leprous nod- 
ules and then examined the alimentary canal of. the buezs and found ther 
I to contain the bucilli. He cites in one of his route a case of a cer- 
“tain ran whe slept in a hut. forierly occupied by a leper. He was bit- 
ten: by bugs while sleepine there ana later deve isota the disease. Sxel- 
“ton & Parham’ think transtission by bedbugs im Zanzibar to be inrrobable., 
“'Thozson has conducted a fow experiments with this orcanism and Ssith Lynch 
and Rivas have also published an article on the transrissibility of the 


SS See 


leper bacillus by the bed dug. 


Pacillus pestis “itasato, the cause of BUBOMIC PLAGU™, has been 
experimented on by a number of authors to determine the possibility 
of transmission by bed bugs. Vubitski conaucted certain gxceriuents 
which are reviewed by Manning. Cornwall and Ménon have alten on 


the possibility of transmission of plague by bed buss, 


Bacillus typhosus,Eberth, cause of TYPHOID FRVTR ray vossibly 
be transuitted by the bed wug, according to Riggs. 


DISHASES OF UNKNOTN ORIGIN, 


POLIOMYELITIS .on INFANTILE PARALYSIS | has been suspected. by var- 
ious authors of beinz insect transritted. Manning has wade a contri- 
bution to the study of the nessible agency cf the bed bug in the trans= 
mission of this disease ani claims that the bed bug fulfils the neces- 
sary requireients as a carrier of this disease. 


ANIMAL KINGDOM, 


PROTOZOA. 
MASTIGOPHORA: BINUCLEATA: TRYPANOSOMIDAE. 


Tryranostéu.c brucei Pliruier and Bradford, the cause of NAGANA of 
aninals, end probably identical with the causative organism cf SLEEP- 
“ING SICKNESS, was exper irentally transitted, according to Sangiorgi, 
to white tice by the bite of Cirex lectularius, This orzanism is nor- 
ually transmitted by tsetse flies and horse flies, 


frypehosora cruzi Chavas,the cavse of CHAGAS FFVER, a disease of 

man in South Anerica, is carried by sucking bugs. The disease has its 
reservoir in the armadillo and related anin als, Chasas and Brunpt have 
proven that the natural invertebrate hosts are the kissing bugs Triato- 

ia necista, T. f, sordida, T. ceniculata and T. cha*asi and, undoubtedly 

also Soran tits *rolixus. Gonzalez-Lugo has obtained experimental trans- 
mission with the last nan.ed Due and Pruipt has proven it a durable hosts 
Bruupt has also demonstrated developrent in the bed bugs Cinex lécutlar- 


Luss. ©. DO} Jeti and C, hemir terus,. ' 





There are two types of reproduction of the orcanism in the insects. 
In the sexual uethod, about six hours after ingestion of blood the sineto- 
nucleus uoves close to the trothonucleus Wits wnich it sossibly blends; 
the flacelium and undulating menbrane ard now usually lost, but sone 
fort.s retain the flacellum. - The varasite ‘pecox nes rounded and rultiplies 
repeatedly by division. After this has ceased it tecones near~shaped, 
develoos a flacellum and becozes a crithidial form and then masses into. 
tue eylindric. . tortion o° the intestine. where it can be seen in about 
25 hours after the ingestion of blood. The final stare is a snall try- 
caniform type, lone and sliz with band-lite trophonucleus and larte kin- 
etonucleus. This form is found in the hind rut in the body cavity and 
in the salivary slands and is the forr by which the parasite is transmit- 
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ted to a new vertebrate host. The adevelopi.ent im the bue retuires at 
least eicht ae for its connletion, 


The asexual 6 thod of lsh ee Bea is a constant process and is 
& simple n mltiplication, civing rise to the crithidial forms which are 
found principally in the hind gu3.°. 


Oricinally the disease was svoposed tc be transmitted by the suc! 
ing of blood by insects, Bruspt declares that transmission is exclus- 
ively by dejections, As Rhodnius Srolixus passes its dejections inme- 
diately after renovine its beak, while the Triatoma species do not rass 
dejections during their repast, Brumpt thinks it likely that Rhodnius 
is & wore potent transmitter , in view of the fact that dejections are 
infective. In this connection, the bed bug has a very interesting hab- 


it which bears won ths vo possibility of its transmitting the disease, 
Patton and Cragg have vointed out that it defecates inmediately after 


a feed, but wmlike the naJjoriby of blood-sucltine insects, does not pass 
out red blood, but only the remains of the last real, a seri-solid 
Sticky .aterial.s This black fluid is passed out just after the probos- 
cis is withdrawn and the bug has a very characteristic habit of turning 
around and revine backwards in such a way that the excreta fall in the 
neighborhood of the wound nade dy the probcscis. Blacklock has stud- 
ied the nultiplication and infectivity of T., cornzi in Cirex lectilarius, 
and concludes that the oreenism is capable of living and rultiplying in 
the bed bug for long perinds. ‘The yarasites found in the bed doug are 
infective on inoculation as eirly as 21 hours and as late as 77 davs from. - 
the infecting feed, Thanst.issiori of the disease to healthy anirals by 
feeding an infecte: buz on them is of very rare occurrence. It was on- 
ly once observed in the course of these experinents, In the licht of 
Bruapt's work, we can now see that feeding experimerts were alnost nat- 
uraliy to be expected not to succeed, as the transiission of the dis- 


ease 1s apparentiy only BS (POR ean ceo through scratching in or in- 
oculation of infected fec 


Irypanosona duttoni Thiroux, an organism usually found in mice, has 
been snown by Brunpt to be capable of developing in Cimex lectularius. 
It is usually parasitic in fleas and is transmitted to the mice by their 
liczing up the feces of thé fleas or the fleas themselves. It is rrob- 
ably infective by means of bed bucs in the sare manner 


Teypanosoia equinum Vorss, the cause of MAL DF CADERAS, a South 
American disease of horses, of which the wild aniral reservoir is Prob- 
ably the capybara, is probably transmitted by the kiss ing bug, Triato sta 
inzestans, but Sangicrei sveceeded in transmitting it to white mice by 
the bite of Cinex lectularius, 


Trynahosoma lewisi, Kent. the cause of RAT TRYPANOSOMIASIS,is us- 
ually carried by fleas, but Brupt (1913a) @inds that it can complete 
its cyclical development in Cimex lectvlarius and he infected a rat with 


an inooulation of the rectal contents of a bug after six days and also 
after 38 days. 


Trypanosoma vespertilionis Battaglia, the cause of a BAT. TRYPANO® 
SOMIASIS is transmitted by the bat bed bug, Cimex vipistrelli, accord- 
ing to Pringault. 





MASTIGOPHORA: BINUCLEATA: LEPTOMONIDAE, 


LEISMANIA species, the cause of non-ulcerating Oriental sore, pass» 
es part of its life cycle in the bug Erthesina fullo, according to Carter 


Leishmania donovani Laveran & Mesnil, the cause of INDIAN KALA AZAR 
has been thought by many to be transnitted bv insects, There is consid~- 
erable conflicting evidence on the subject, a sreater part of which is re~ 
viewed very thoroughly by Wenyon, Patton has demonstrated the development 

f theprz anism in the wed bugs Cimex heripterus (rdtundatus) and C. lectv~ 
. larius in India, Cornell’ ‘and La Frernais fed Cinex hemipterus on citrated 
rabbit blood containing this organism through a membrane and obtained in- 
fection of the bugs and development of the parasbtes for a period of at 
least 29 days. Cornwall and Menon having shown in previous pavers that 
the bed-bug cannot regurcitate the contents of its stomach in the act of 
feeding and therefore cannot transmit kala azar or oriental sore by its 
vite, and being unable to find evidence of any intracellular stage of 
. the parasite in the bug, tvrned their attention to the contents of the 
rectum, No one has been able to démonstrate the presences of any resist~ 
ant. stage in the feces of the bugs, although these authors haveffound 
active flagellates, and occasionally rounded forms, as far down as the 
lewer intestines of the infected bugs, in a fairlyoterce proportion of 
those examined. They failed to find any form which could suecest an 
extra-corporeal resistant stare. They have found active flagellates 

in the stomach contents of the bugs for 29 days, 





The life cycle in Cimex hemipterus and C, lectwlarius has been dem- 
onstrated by Patton. he parasites are inrested by the bug enclosed in 
the large cells or leucocytes, and develop into fully flagellated forms 
without reference to the tenperature of the external air, The size in- 
creases from 4 to 7 ricpa and vacuolation of the cytoplasr occurs on 
or after the second day. The single parasite may proceed directly fo 
flagellation by the appearance of an area stained bright pink by giemsa, 
solution and called the flazellar vacuole. This vacuole which has a dark 
center, rapidly increases in size up to 1 to 3 micra, and passing to the 
surface, sends out a pink brush, which forns the flagellu:. by merely 
growing longer, The flagellate forn has a dark blue, cranular cyto- 
plasm with a circular trophonucleus, which stains deeply in the center; 
and a kinetonucleus lyihg across the long diareter, and situated near / 
the trophonucleus, and possesses a long flagellum. consisting of a mamber 
of filaments adhering closely together, inserted into a pale area near 
the kinetonuclaas, These parasites uay divide into two equal flagellate 
forms, ahd apparéntly tay co on-dividing for some tine. Instead of pro- 
ceeding directly to flagellation, the parasite ray show a division of 
its nuclei into two, with the farnation of two flacella, and then divi~ 
Sion into two flagellate parasites, or the nuclei may rultiply without 
division of the cytoplasn., so that forms containing four to eisht nuclei 
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“ay be together, which eventually break un into separate flazellate 
forms. Ta the buc feeds on blood before the developrent is. complet- 
ed the flagellates are destroyed. Deveioprent is corpleted in ten to 
twelvé days after a single fesd. 


. 2 7 / - 
Cornwall and La Frenais describe a thick tailet-forr in the bug 


after the 20th day. Cornwall and Menon states that -the Elagellate 


foru thrives only at temperatures fror 16 to 26° C, (61° - 79° F.) 
and is therefore unfitted to exist in the human body. This is further 


evidence that the flagellate is a typical insect form. They have fail- 


ed to find a postflageliate cystic form in the stoiach of the bug.. 


Transmission by insects has not been deonstrated although. there 
is considerable evidence that it cannot be transnitted by the bite of 
the bed bug in which the orfanis: norrally flagellates. Carnwall and 
Menon claim that there arsacniy two possible reans of transizission 
left; rupture of a bug containing flagellates in the neighborhood of 
&@ puncture or abrasion, and passace of cystic forms in the feces, and 
there is no direct evidence for either. They lean to the rupture theo- 
ry because it seers to account for the peculiar distribution of kala 
azar. It is: comparatively rare and often localized in certain dwell- 
ines. The due does not live on the rerson, out in buildings and furni- 
ture. It does not generally crawl over. thé skin when feeding, but at- 
tacks exposed narts from.a fairly safe rosition, It must therefore be 
a couparativelyrrare event fom a bug to be ruptured on the skin of its 
dccasional host, ‘They may be transported fro: ~lace to place in furni- 
ture and clothing, and :.ay go fror house to house in search of food. 
The bug is also more or less localized. As the bug would be sacrifi- 
ced in the act of transmission, it -is clear that a hunan reservoir of 
the disease rust be at hand if the bucs in a building are to renain 
dangerous. Knowles sugcests ‘the possibility of hereditary transmission 
in the bed bue or intestinal “vorms, ' 

Leishnania trorica Wrirht, the cause of ORIENTAL SORE is also 

hought to be transmitted by insects. Wenyon found: that the bed bug 

C. lectulerins could take uw the parasites anc that developmental 
gtaces were demonstrable in its cut. Patton (1912) obtained develop- 
ment of the rarasite into flazellate forms in Cimex hemipterus at low 
tenperature (22- ShA0n and produces considerable evidence in favor of 
these species as the natural carrier. 


ERSTIGOPHORA: SPIROCHAETACEA:SPIROCHAETIDAS. 


Snknoschaudinnia berbere Serrent and Foley, the cause of NORTH A- 
RICAN RELAPSING FEVER, is spread by the body louse, Sercent and Foley 
have obtained negative results with Cimex lectularius. 

Soiroschaudinnia duttoni_ Novy and Fnapr, the cause of Rte . 
RICAN RELAPSING FEVER~is normally spread by ticks. Brean. Rai ince % 
Todd in £906 and Nuttall in 1907, were unsuccessful with tbransmissi 


experiments with Cimex lectularius. 
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Spiroschaudinnia recurrentis Lebert, the cause of EUROPEAN RELAPS 
SING FEVER is norually transmitted probably by the body louse. Nuttals, 
401907, experinented with the Russian strain of this disease and suc- 
ceeded in transuitting relapsing fever, in one experinent, to a ouse 
by the bite of Cinex bectularius. He found that usually the spirochae- 
tes were dicested by the bues, the tine depending on the tenperature. 
Fitigee in 1897, infected monkeys with the contents of buss, removed 24 
hours after they had fed on relapsing fever blood, Yarlinski and also 
Schaudinn observed the survival of spirocneetes in two burs for 30 days 
or more, Various authors have failed te transzit spirochaetes hy bues, 
but it is probable that these failures were because they attexpted to 
transmit by weans of the bite rather than by crushing or scratching in 
the contents of a bue or its feces. Tictin, however, while suggesting 
that the bed buss might trensuit the disease by their bite, also suggest~ 
ed that it nicht be by their beinr crushed and the contents entering the 
skin through excoriationssdue to scratching. 


In sunzary we may draw the conclusion that probably all disease 
organisns which are capable of passing part of their cycle in the ded 
bug will be found to be transritted through the scratching in of the 
feces of the ‘bug, or by the rupturing of a bug while in the act of 
feeding, or over an excoriation of the skin. It is quite possible 
that any organism whicn tne bug may take up fror the blood and which 
in like manner is infective to the blood, ‘can be transritted under 
favorable conditions in this wanner. 


There is most certainly a very rronmising field for research ‘in 
the working out of the tossibilities of disease transmission by blood 
sucking bugs. 


LIFE HISTORY NOTES. 
This lecture deals primarily with the bed bugs of the genus Cimex, 


fanily Cinicidae, but also cohtains rention of the false bed bugs,..or 
kissing bugs of the Set) Triatora (Conorhinus), family Reduviidae, 








The best discussion in English, with illustrations, of the genus 
Triatoms (Conorthinus) is given by Patton and Cragz., These bugs live 
on huian and matalian blood. The egg cf Triatona rubrofasciatus of 
India is rounded at one end and flattened at the other, which forms a 
kind of operotlum, It ueasures 2 nm. by 1 uu. The incubation period 
varies from 20 to 30 days. The developrent is similar to that of all 
winged Reduviids, each stage showing more developed wing pads, until 
the fully winged adult staze is reached, The development requires 
several months fror eggs to adult, | 








T, megistus of South America is almost entirely a domestic insect. 
The adults enter inhabited houses, but never those which have been ab=- 
andoned. In old houses they are to be found-in cracks and holes in the 
walls, where they lay their eggs. They early staces, which are wingless, 
crawl out of their resting places in the walls as soon as the lights are 
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put out and make their way to the beds of the occupants of the house. 
The adilts behave in the same manner, but as they are powerful fliers 
they can reach reorle who sleep in hanmocks, Tne, bite is said to be 
painless and to leave no ark; this is quite /Phd Bee of Trdatoka ru- 
brofasciatus, which in the case of some reople leaves a distinct mark 
for weeks, The eggs of T, meg¥stus are laid gn batches of from 8 to 
12, and as wany as -45 such batches may he laid. They hatch in from 


'25 to 40 days. A generation requires about 324 days. 


Triatoma sanguisuga is a native of the United States and is cal- 
led the Texas bed bug, or the "blood-sucking cone nose." It comes in- 
to the houses, and sucks the bhood of man. It is also found in chick- 
en houses and horse stalls, but its normal food ia:supposed to be the 
body juices of other insects, including the bed bug. 


A number of other species are recorded as causing: severe bites on 
man. 


The bed bugs Cimex lectularius, C, hemipterus (rotundatus), and C. 
boueti attack nan, while C. hirundinis attacks the swallow, C. cblum- 
barius the pigeon, and C, piniStrelli the bat. The first named is cose 
mopolitan, the second tronical and subtropical, the third South American. 
The first two are essentially domestic species. During the day time 
these species hice in cracks and trevices in the beds, furniture and 
wells of beGrooms. They usually feed at night, but will not uncomron- 
ly feed in the daytime if they can do so without detection. The most 
characteristic features6éf the bed bug is the very distinct and disa- 
greeable odor which it exhales. The absence of wings in the bed bue 
is of great advantage in control work, as it confines its range to 
those points it can reach in its raaming, The eges are white, oval 
objects having a little »rojection run around one edge and may be fotnd 
in batches of from 6 to 50 in cracks and crevices where the parent bugs 
go for concealment. A single female may lay as many as 190 eggs. The 
eggs hatch in a week or ten days in warm weather, but requine a con- 
Sidsrably longer time in cold weather, The young are yellowish white 
at first but in succeeding molts become darker and darker brown. There 
is very little important difference in the appearance of nymphal and 
adult stages. There are five molts covering varying lengths of seven 
to eleven or more weeks. The bed bug is capable of living for long per- 
dods without food. Normally fed bugs may live almost a year, and rart~- 
ly grown specimens have been kept 60 days without food. The bite of the 
bed bug is very poisonous to some persons, and their presence is suffi- 


cient to cause umeasiness and loss of sleep. 


; Haematosivhon inodora is a native American bug related to the bed 
bug, found in the Southwestern States. and Mexico, It was mrobably ori- 
ginally a narasitée messmate of birds and bats} but has how become a 
very important poul try pest, and in those regions due to the close as- 
sociationsbetween poultry and human beings, is often a serious house 
pest. 
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TREATMENT OF BITES. 


To allay the irritation caused by the bite of the bed bug, »eros~ - 
ide of wydrogen, or dioxygen, mmy be used with yood sesults,. 


Tincture of iodine is elso a »ood counter irritant. 
CONTROL MEASURES . 


There is rractically n.o information on adequate wetnods of control- 
ling the Triatomas, 


The bed Uvg when badly infesting houses, say be controlled sy fu- 
migation with hydrocyanic acid gas wt the rate of 10 ounces of cyanide 
for each 1000 cubic feet, or fumes of sulphur at the rate of five rounds 
per 1000 cubic feet. Such fumigation should be carried out as descri- 
bed on page 247% 


In causes of modere.te infest: tion it is possible ata slightly 
ereater cost of. time and personal effort, to eradicate the bugs by 4 
liberal use of. venzine or xerusene, orhany of the lighter petroleum 
oils, introduced with suall brushes or feathers, or vy injecting with 
syringes into ull crevices of beds, furniture, or walls where the in- 
sects uay have concealed themselves. 


Corrosive sublirate and also oil of turpentine nay be used in the 
same Way. ae 


Careful inspection of beds and bedding, particularly mattresses, 
is important in any attemt to free a house of the bugs, 


Travellers frequently have their luggace infested While at hotels 
and in trains, On arrival at home it would be well to carefully exam- 
ine the clothing before putting it away. 

Very frequently bed btigs are introduced into homes with laundry 
work which is carried to the home of the washwoman. Such wash work 
should be carefully inspected on receipt. 
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PROCEEDINGS OF THE CLASS FORMED TO STUDY THE ENTOMOLOGY 


Cf DISEASE, HYGIENE AND SANTTA'TION, 





Lecture 29, A GENERAL SURVEY OF THE NEEDS OF ENVOMOLOGICAL 
December 9, 1918, SANITATION IN AMRRICA, 
| | 


W. Dwight Pierce. 


; Notwithstanding the great amount of publicity which has been 

| given the Anti-fly Campaien, one will find throughout our land a 
rather gcneral disregurd of the danger from flies. Certain nows- 

, papers keep the subject annually before their xr: but on the 


Ls U 
whole publics cooperation is Slight. A few cities and commnities 
have aéfinitsly organized iosquito Gontrol work, and the Public 
eh ak. (Sones Pee BG eee Pa e A 7 . , : 
Health Service has dene a wonderful amount of work in orgainzing 
ae oe ee a. ru + —_ Ant Pie . - ® Zz ad 2 ie) s 
Buch efforts. From ur Gntomological standpoint ovr nation is not 
Sanitary. The reason lies-in the fact thas the vublic does not 
realize that insects con and do carry disease. Science has apparat+ 
dy not put across the idea in such a nanner that it hos grinned ths 
average person, Until we-do t 
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this we cazno%t expect public cooperation 
in the attenpt to fut duwa insect srreacd diseases, 


i 
ent manners, We nay separate them into rroblen.s of uunicipalities, 
tovms and villages, and rural cosmunities, We uy Lo@ok at. them from 


bine 


the stancooint of the farm, the home, the market, the factory, and the 


titution. Again they uuy be sorted out us ~roblems of drainage, 
waste uisrosal, screening, enirnal control, etc, 


Of course we ive a areater diversity of sntomological control 
problems in a iunicizality, cut we also have nore pecele who give at- 
tenition to igtters of uealth in u city, und who would com-lain against 
unhealthiul conditions. On the other hand while the zrobiems of the 
rural community und tewn are fewer, the insect conditions often hecome 
greatly agoravated because of total carelessness as to sanitation, 
This curelessness if small towns and farms is usually due scither to 
ignorance or lack of organized effort for ccumunity betterment. 


ck 


The field of the sanitary entomologist who desires to tread 
virgin soil is therefore to solve the ways and means of obtaining 
better fly and nrosquito conditions in rural communities. Fdaucation- 
al work must be carried out which will be of such nature that it 

. will bring results. We have the theories and the scientific facts 
but we must give the public practical demonstrations that freedom 
: from insect pests means reduced sickness. 


Any nersorn informed on this subject who has traveled much in 
rural sections of the country and ssen the undbsatructed entrance of 


"| 
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myriads of house flies to the dwellings, esrecially the kitchens 

and dining rooms and then has stecued outside and within u few feet 
found the oren ,rivies brseding those flies cumot aslz but feel a 
Sickening sensation unc u. revulsion towards euting anything that the 
flies could have solluted. It is not ut wll wico.0o, in rural sec- 
tions to sce subies exgosed to the unrestricted visits of flics, site 
teeir ilk bottles covered with them. The writer hus been ififormed 
over and over by shysicians in small towns that wren infentile diar- 
rhea or any other intestiral conplaint visits a town it rakes the 
rounds of every infant in the town, wmiless perchance some mother is 
more advanced in her sucwledge of such matters and accps her baby 
constantly screened. When: typhoid fever and dysentery visit towns 
with open privies and wscreened houses cr hotels only the more cau- 
tious and more resistant escape. Such communities offer every con~ 
ceivable ornortunity for spread of the diseases by flies. 


THE THSANITARY FARM. 


For fifteen years the writer hus traveled extensively in rural 
conmmunities principally in the Southern States, where insanitary meth- 
ods, if existent, aggravate disease conditions because of the more 
favorable climate and greeter number of naladies present. We may pic- 
ture therefore a few of the conditions which have been repeatedly seen 
in these travels, in-orde® the better to show the vrroblenms to be memd. 
We will not claim that these yictures represent the rredominent, or 
the usual, or the average condition. et it suffice that they exist 
sufficiently often to make them worthy of serious attention. 


The farn we will describe has deen seen countless tines. The 
house nas no screens on the windows, in fuct often nas no Window panes, 
or ay have wooden windows which are open all uay. The nuuse is one 
storied with en vutside chimney, and au oven fireplace, The chimney 
and fireplace offer excellent day hiding pluces fcr mosquitoes, which 
are abundant if there is a slough or bayou nearby. The house ig built 
on stumms or pillars raised —~bove the ground. The pigs and chickens, 
dogs und cats wander freely underneath, The house has a great open 
hall way through the middle, separating the bed rooms fron the diring- 
room. On account of the numbpots flea oreeding animals which pass un- 
der the house, fleas are not at all uncommon in the house. The well 
is usually open and built into the back portion of the porch. Mosqui~ 
toes breed in iti There is a poorly constructed, delapidated privy 
for the women not fur from the house, but the wen nave none, or if they 
do it is not fit to enter.. They usually defeedte> in the open, in 
the fields or draws, or in a woodland patch. The barn is roughly con- 
structed, The manure is wiled in great niles besid& the barn, und 
breeds multitudés of flies, The stable floor is urine und manure soak- 
ed und affords excellent fly oreeding quarters, ae. 


Naturally I huve described the worst cozmon tyre of furm, because 
on this ust oe built the structure for vetter sanitation in farm life. 
In uany cuses a large imuwber of subh places »ay exist on = single large 





plantation, for ti®esusa ofeths tenants st dy such cuses a single xan 


vw. 


is responsible, who lives himself in a nouse with all .wcdern san- 
itary: conveniences, 


The problem of the sanitarien and the sanitary enborologist 
is to prove to the. iran Mabbuies farmer, ond to the planter landlord 
the financial value cf better suMitation,. The planter wuust be shown 
that inusruch as the Yenc nours of his tenants are increased 
in proportion will their uroducts be increased, and in like manner 


his rental especially where tse ead is »sed on certain ;roper- 
tions, of the cren yield. 


He wmst see tias reduction of nmosquitees 
means reduction of 


malaria incidence, that reduction of flies reduc- 
6s the incidence of typhoid fever, dysentery, diarrhea, end otier in- 
testinal comlainis, and thut as the sickness rate ofthe plantation 
is decreased the labor outzut is increased. 


It will do us so good to theorize if we jo not set down clearly 
the ways ana uvurns of accomplishing this creater farm output by redu- 
cing fly and mocquito breeding. In this course of lustures will be 
found the procis whichbhave been accumulated against these various 
insects, brief statements of now these iusects live, and ac tailed 
plans of the approved uwethods of control. 


HOW TO IMPROVE FARM SANITATION, 


At this tine however we nuy in orief stute a few weusures which 
should ve taken onu.every. farm in order to accornmlish -reater farm la- 


bor efficiency and improve the health of the household and. of the ani#:i 
mals, 


1, The wirdows and “doors should be scresned against flies «ind 
THosquitoes. Urine the woiuths that fites its anes used the chimneys 
shovld have a screen over the tog andthe fireplace screened, If 
Wire screening cannot be offorded, TAB bo bars can be. used. In .the 
Lajority of cases the es penditure of the necessary aiount of vwoney to 
properly screen the ylece will be ofset dy wu vre.ter recuction in doc- 
tor's bills for the wouen and cnildren at le@at. 


2, Where there are muny Hates passing 10 end out flies will 
get in. The “shildren should be taught to vse tne tly swatters. Mo 
flies shoyld even oelallowed to remain 1in_ in the kitchen and dining rooms, 
Flies which visit: food will deposit oh it any disease organisms they 
have picked up. If the water is pure, the fly is about the only means 
of conveying intestinal diseases to the family. | 


Se Unless the babies and nai children snevkep be indoors in 


screened rooms, ns ‘uelpless children should have a mosquito bar over 
the carriage, us basket so us to protect them from fliss. This is ab- 


solutely essential if there is any sickness in the neighborhood, 
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ake T..ere should be installed sanitary ¢.it or ducust ~rivies _ 
such as are recommended by the Public Health Servide, Both men and 
d ve u rule uf every 
orbidden, As sany 
farms une quite large the ost feusible wlun would be to uleuce ut Var 
rious placesabver the farm where they would be uvst convenient and 
best <rotected, soue tycse of lutrine, such us is used by uriides, or 
better still a parucnent privy. Because of the need $6r information 
on such iatters un entire chupter is given in this volume to dsescrib- 
ing sanitary uéethods. 

5, Tae well shovld be ncot covered to vrevent us far as pes 
sible mosquito treeding und contamination, 

6. The foundations of the house snoula be bo-~rded up to pre- 
vent the wandering of aflisels and to elininute uw favorite wosquito 
hiding place. The sroum around the houso should ds »0 dfeained that 
water will not flow under the house except in case of heavy rains, 
and in such cases will quickly drain off from under tne nouse, 


7, AIL ditches, ponds ond streums, «nd beyous_on the fariy 
should uave the banks sot cleat of obstructions to the frees flow 
f ths water. There should not be any tree stusos, trees, routs, 
ii , os logs in the strean, The dunks shoula not have overhang- 
édces, or pudale pits. Perisanent ponds and lexes wight be 
stocked with musquito euting fish. Places which habitually form pude 
dles after rains should de filica or aruined, 




















8. The burns should have hurd packed dirt floors or ccucnt 


floors. All wannws should de reuwed auily fru, the varn. £ pos- 
Sible the nanure should de sprecd while trash on fields lying out. 
Otherwise the manure should be pibed in tight pucied stacis or on 
platforms ofer u ccuwcnt basin containing w.ter, in order to drown tase 
larvae wigrating fur papution, 


9. The surduice’ should ba fed to 


ae oe 
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ing stalls as described by Bishogp in the lecture on the control 
S 








THE INSANITARY TOWN.?’. 
In these same travels in which so many inseanitary farms were 
the writer so ,ourned in or passed through many towns which 
bs described us follows: the streess arc umpaved und ure lite 
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of wouths of uenurc droppings, and altogether filthy and un ttraét- 
ive. The rowovel of trash is nobody's business. The grocery storcs 
and ucdut uurscts urs unscreened und huve ogen doors. The food is 
covered with flics. Furiors drive up end buy a side of salt norsk or 
other meat, throw it into the ~it of their wisons, uncovered and drive 
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Down the dusty roud, with a sw.rm of flies novering over the ucat. 
The small lunch rooms where tue visiting farmer eats his noom or 
evening repast are dirty and full of Slics. -Tne stores have privies 
in tie rear which ure filthy and an offense to any decent person, 
Flies abound. Chickens and pigs wander unrestricted through the s 
Streets and ure often found feeding under the privies. The hotel 

is wlways full of flics in the dining room and kitchen, which are 
usually but uo short distance frou, filthy priviss, and flies are - 
constantly passing back and-forth, The bedding is often unclean and 
has beon slept in by some ane else, Bod bugs are not unconmmon,. The 
water pitchers contain mosquito wrigglers. The cisterns bshind cach 
house are unscreened and contain rain water, full of mosquitoes. 

The livery stable has great poles of manure in the stable yard and 
Sometimes right out on the side walk. 


Sometimes the town is a little bigger and the ¢eople save be-~ 
cone wore civilized ind installed interior ¢lumbing, which enzties 
thecsewageidnto a ditch which runs down to < stream from which cattle 
drink,or quite often this seweke empties into the gutter on the streef 
and fills the air with filthy odors. Such is not /fifcommon thing in 
America. Only « few years ago we could have pointed out quite a num- 
ber of cities in 100,000 class with open sewage, 


These srall towns are often rat infested, and one can easily 
see the danger should an outbreak of plague which is transmitted by 
the rat flea, cet a start inssuch a town, by the advent of u plague 
infested rat, a ~) : 


HOW TO IMPROVE TOWN SANITATION, 


‘Ls, Orzanize the community for better Sanitation, and call in 
on expert of the’ Public Health Service, which is .iving a creat deal 
or ..ttentien to coozerative health work. In Russia svucn orgexnzations 
are springing weoall oer the land... (Conduct a health sublicity cax- 
Péien 


2, - Conduct a Health gublicity carpaicu. 


53, Teach better sanitation in the schoels and orgainse the 
childrex for clean-up work. . 


4, Require the screening of all stores selling food, and all 
hotels and restaurants dispersing food. Do not allow food to be han- 
dled in such a way. that it will attract creat quantities of flies. 


BY Require private stables to place manure in fly tight boxes 
and to have same removed every 7 to 10 days. 


6, Require livery stables to remove all accumulations of za- 
nure daily fro the town limits, 


~556~ 


rar 7. Require the bur¥dNg, feeding or reroval of all garbage twice 
a week from homes and daily from hotels. 


8, If garbage is hauled away and dumped the town should arrange 
for its daily incineration, 


9. Require througheut the town limits denending uron conditions 
either sanitary plumbing and sewer connection, or sanitary box or pail 
privies.. po not allow pit privies 6r insanitary ones of any type. Do 
sway aS soon as possible with open sewér drainage, installing sewer 
pipe. Install séwage septic tanks of size adequate for the tom, If 
there are no sewers laid it nay he possible to arrange for individual 
installation of simpie septic tanks ; 


» 


10. Do not allow pigs and chickens to have access to privies, 


. ll. Do not permit general roving of pigs, stock, chickens etc. 
‘on the town streets, . 
» 42.2. Heep .11 ditches and water ways in the town free from ob- 
struction, ;und if nosquitoes-are breeding, have an oiling squad, 


13, Fx strict penalties against defecation on streets, alleys, 
and vacant lots, A . _ 


tl 


14, install a-town comfort station for strangers and people from 
the country. : 


SANITARY PROBLEMS OF CITIES. 


. 


The sanitary entowological problems are multiple in large cities, 
and such that it would-be an excellent practise to exploy ut least a 
consulting entomoloyvist in all large cities, As a matter of fact many 
cities should have quite a.corps of practical sunitary entomologists 
engaged primarily for this type of work, ae 


City uarkets where weuts, fish and all iinds of vegetablespro- 
duce are exposed for sale, are very attractive olaces for flies, and 
in many large cities.there is “x¥OSS neglect along these lines, 


Sanitary inspectors need to exercisé cotisiderable vigilance in 
checking up obedience of ordinances relating to removal of trash, gar- 
bage, nanure, excreta: installation of Scwage ‘or sanitary privies; prop- 
er sanitation among construction gangs; nuisances arising from stables,. 
factor#es, Sewage and garbage disposal plants, packing houses, stock= 
yards, etc, Many manufacturing ;lants huve waste :roducts which are 
very attractive to insects, Insect conditions in restaurants, board- 
ing houses and hotels should be frequently checked UD. 
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Anti-fly and untie mosquito propaganda should be conducted an- 
nually in every city until the ~eovle ere so well educated to the nec- 
6ssity thereof that propucanda will no longer be necessary. 


The sunitary depurtment of large cities should directly supervise 
‘Mosquito suppression withiri its bounds, ~ 


ENTOMOT.OGICAE REQUIREMENTS OF MUNICIPAL SANITATION, 


The following »cints should be covered by ordinance in allilarge 
cities desirous cf obtaining sutisfactory sanitation, Not enough at- 


tention has been :iven by city health authorities to the insect side 
of their sanitary sroblems, : 


de All food stuffs which ure caten raw, all row weats, fish, 
birds, cooked foods, vread, cheese dried fruits etc. rust be xept un- 
der cover of glass or screen or otherwise Erotected from insects, in 
all Markets;. stores street stands, hotels, restaurants .nd bourding 
houses. Flies zust ine Ye Gllowed to cougregate sround focd stalls. 
Cockroaches trust be eclininated frow u11 hote iS, restaurants and board- 
ing nouses, Fucas infested by insects should be subject to condemna- 
tion and destruction. Insect contamination of’foods is dangerous. 


@. Hotels, public institutions,: und lodging houses shall be re- 
Quired to ieep théir wuremises Free of ted wes Bed bugs curry disease. 


6. All school children snull de inspected at the beginning of 
each new school year for head lice, and oftener if eircumstances gar~ 
rant. In case the children are infected they should be isolated and 
sent to some clinic where they can be freed of the lice. All pris- 
oners, patients in hospitals, and applicants at municipal lodging hou- 
ses should be inspected for head, body and crab lice, and if infected 
should be bathed and their clothing condemned or cleansad,. Lice car~ 
ry tjany diseases and every opportunity should be taken which will en- 
able the authorities to reduce their incidence, 


4, All livery stables shall be required to remove all manure to 
- the country daily, wnless specified places for dumping are set aside, 
All private stables should be provided with a fly proof box or a mag- 


/cot-trap platform for the storage of manure and should have the manure 
removed at least every 10 days, 


5, Garbage should be removed daily from all places where it ac~ 
cumulates in large quantities, and two or three times a week from pri- 
vate residences, All garbage awaiting renoval should be kept in clos- 
ed cans. Garbage must not be dumped within the city limits unless it 
is dumped on incineratorgswherecfires will soon consume it. These re- 
Quirements are necessary to keep down fly breeding, 
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6. Tin cans, bottles ond receptacles which will hold water 
must not be allowed to uccumulate in back yards, alleys or vacant 
lots, nor say they be dumeddiwithin the city limits or near residen- 
tal sections in the suburbs, because they furnish excellent breeding 
for mosquitoes, . 


7, The city should be connected for sewers as far isto the sub- 
urbs as precticable. and <11 suburban properties not so connected should 
beerequired to install fly ;roof ¢ess pools, or septic tanks, Or to or= 
‘range by neighborhoods for independent sewage with a common septic tank; 
or in the absence of water and necessary plumbing to install sanitary 
privies, and te required to have all excreta removed once a week to an 
incinerator or other type of refuse disposal plunt. Open vault privies 
should not be wermitted in the city. Indiscriminate defecation on 
streets, alleys, vacant lots, etc. should be strictly forbidden ond 
punishable by law, 


8y Packing houses, candy factories, syrup factories, and all oth- 
er nanufactuving institutions ¢roducing food products should be requir- 
ed to screen windows and entrances and to use fly traps in such uw way 
as to iinimize to the utmost the access of flies und other insects to 
the food products. 


INDUSTREAL SANITATION, 


Many industries have inportant entomological sanitary problems 
in the -reservation of their products from insect contamination and 
in the efforts to conform to sanitary rezulations. There ure uwany 
times when they would be able to use the services uf a consulting saa 
itary entomologist to advantage. 


The keynote of industry to day is the prevention cr utilization 
of waste. Insect depredations on focd products cause waste because the 
public does not want polluted food, and because sanitary inspectors are 
becoming more and more alive to the wenace to health from insect pollu- 
teadnfoods, 


Tt is not generally understood that the presence of weevils and 
worms in cereal foods may do ore than destroy the food. The evidence 
if growing against these insects frou the sanitary standpoint. Some 
of -these insects contain substances in their bodies which are highly 
toxic, as for instance Calandra granaria, the granary weevil contains 
the poisonous sunstance cantharidin, There ure numerous instances of 
the sickening of aninals from eating weevily grain. Still icre ispor- 
tant is tho fict that where grain is uccessible both to rodents and in- 
sects, ccortain purisitic worms puss cut in the feces of the rodent in 
the ege stage, ure euten dg the insect larvae in the grain, pass part 
of the cycle in the insect, and the insect is then possibly eaten by 


o 


a rodent, in which the worn comzletes its life cycle, or sonetimes in 
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our breakfast foods we eat these purasitized insects and become infest- 
ed with the worms, 


For example, the rut tupeworm, Hynenolepis uiwinuta Rudolphi, 
infests virious spscies of ruts, but sozetimes is found in wan, dove 
eux has »roven that its cuuwosost intermediate host is the weal moth, 
Pyralis farinalis, which becomes infected by euting the tupeworm og3s, 
in its lurval st.ge. Grassi and Ravelli found the cysticorcus in tio 
larva and .dult of this moth and also in the earwig, Anisolabis annu- 
dipes und the beetles Acis spinosa und Scuurus striatus. Joueus found 
that the udults of the granary beetle, Tenebrio molitor easily took up 
the eggs, 


The cysticercoid or larval stage of the rat tape worm, Hymwenole~ 
pis microstoma Dujardin has been found by Grassi and Rovelli in the bee- 
tle Toenebrio uolitor. 





The whole problem therefore of the control of stored food products 
insects is of vital importance to the manufacturer of foods, 


Syrup factories, sugar wills und refin neries, ics cream factories, 
candy factories offer groat attruftions to flies which maf alight on 
exposed sweets and deposit w&th their feet or their voisit or cxcreta 
germs of diseuse taken up elsewhere, perhaps days before when the fly 
was @ larva, breeding in excrement, und these germs may find the sweets 
excellent culture wedia for extensive srowth. Extraordinary means must 
be dévised to Leez flies away frou such products, 


Packing houses offer sbundant uttraction to ucany kinds of insects, 
many of woich ure serduud dissase carriers, 


Railroad trains ure the means of couvaying from place to place dis - 
ease carrying mosquitoes, Slios, roaches, fleas, lice bed bugs,and nites. 
Fumigation of railway curs is on essential entomological control measure, 


Deiries are often found to he the fuci of the spread of typhoid fe- 
ver, uid knowing the propensity of the house fly we can see how readi- 
ly it can carry the organism Hoc the stools of a sick person to the 
milk pails in tas dairy. There needs to be rigid control of flies in 
all dairies, 


These ure but examples of uuny industries which have problems 
in sunitary entomology. 
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PROCTEDINGS OF THE CLASS TORVED TO STUDY THE ENTOMOLOGY 
er OF DISEASR, HYGIENE AND SAVITATION, 
Lecture 0, RELATION OF DIsHeTS To TK PARASITIC "ORMS OF 
December 16, 1518, VERTUBRATES | 


By B. H. Ransom, 


The only important part insects are known to play in the pro- 
pagation of purusitic worms that affect huran beings and other vertee 
crates is that of ‘true intermediate hosts necessary to the existence 
of the parasites in some of their stages of development, Observations 
have been recorded in the literature showing that flies and other in- 
sects nay swallow the eges of various parasites of man such as hoox~ 
worms, whipworns, and other neratodes in whose life history no inter- 
nediate hosts are required, also the eges of tapeworrns in whose nornal — 
life history it is known that insects are not concerned, for exarple, 
Taonia sarinats whose internediate host is the oz. It has been suppos- 
ed that insects nay thus. act us nechanical curriers for such parasites, 
but as a natter of fucit definite avidence of the izportance of insects 
as mechanicul carriers of the egits or larvae of parasitic worms has not 
yet been brought forth, On the contrary there are reasons to suppose 
that in some cases at least the swallowing of the eggs or larvae of pur= 
asites by insects that can act only as nechanical curriers and not as in- 
ternediate hosts reduces ruther than incrsusss the chances of tra young 





3é rt 
Seracites continuing their development and rexchins a host in wich they 
Can become vatuvre. Anong the tarasitic wori.s affecting man and other ver- 
tebrates it is those forus requiring intermediate hosts, so called heter- 
oxenous parasites, that are of special interest so far us insect trars- 
mission is concerned. The monoxerous parasites, or those requiring no 
intermediate host may precbically be left out of consideration, with the 
admission that the wechanical carriage of monoxenous parasitic worms by 
insects way in the future be proved to have an importance not yet demon- 
strated, 


A corplete demonstration of the vart played by an insect in the 
life history of a given species of parasite is often a difficult rattor, 
Tos anival which serves as the final host ray be svbject to infastation 
not only with the species of parasite under investigation but also with 
other species liable to be confused with it in sore of its stages. The 
insect may likewise harbor parasites other than the one that is being 
studied, The possibilities of confusion and of the entrance of extra- 
neous factors into the problem are so many and so varied, that in cost 
cases it is only efter the most rigorously controlled experiments con- 
bined with careful comparative studies of the successive stages of the 
parasite that conclusions way safely be drawn, furthermore working out 
the life history of a parasitéc worm it is not sufficient to prove that 
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insects of a certain species can uct as intermediate hosts under exper- 
imental conditions, Sore species of perasitic worms are able to develop 
in more than one species of insect, anc the fact that a certain parasite 
Cun develop in a certain’ insect does not necessarily mean that under nat- 
ural conditions the species of insect in question serves us the interre- 
diate hest of the parasite, For exdiple, one of the common parasites of 
sheep and cattle is abie co pass through its larval stazes in cockroaches, 
These insects becore eudily infected if the ezgss of the farasite which 
occur in the foyes of the final host eningls are fed to them. Unier nate 
ural conditions however cockroaches do not ingest the feces of sheep and 
cattle nor are they found in places where they are likely to be picked 

up by sheep and cattle. Besides cockrouches various species of dung bee- 
tles have been shown to be cupable of acting as intermediate hosts of the 
rarasite in question, and it is evident that these insects are the nutu- 
ral intermediate hosts. ‘Unlike cockroaches they heve plenty of opportu- 
nity voth of becowing infected and of passing on their infection to the 
final hosts, 


A wore or less intinate enviromental relationship between the 
insect host and the ¢ 1 host generally exists in the case of parasites 
transuitted by insects y: “In‘a number of cases tha insects are copropha- 
Eous: ana also likeiy ‘to be ingested vy the Final hosts as in the instan- 
ce just cited, Another highly interesting crow of cases is that in which 
the insects are ectoparasites on the final hosts, or dloodsuckers that 
periodically visit them, and thus have particularly favorabbe oppor tuni- 
ties for becoming infected with parasitic worms harodored by the aninals 
they attack and in turn reinfecting the latter. 


Node of infection of insect hosts. 


As already stated the mart which insects nay take in the propa 
gation of parasitic worms of higher aninals‘is that of intermediate hosts, 
in which certain larval stuses of the vurasites are rassed before they de- 
velop to uaturity.: The way in-which the insects become infected varies 
with different speciss of parasites, . ‘in the case of ‘some species which 
live in the atimentary tract of the firai host the eges or larvac are 
aischarned from the tody of the host ic the fece 


and if they dre suitable intermediate hosts 


swallow the errs S he oar- 
asites the young worms go through several .developmentai stagss and final~ 
ly within the bediss of the insects reach a Stzoc 1n which thev are rea- 
dy to be introduced into the bodyobsf the final Frost. Certain parasites 
Whose adult stages live in relation with the bloow vessels of the final 
host disshurge their rsoun$ into the blond. .strzan whence they way be ine 
gested by blood suckirg insects in whose bodies they .ariergo develetment 


to a stace infective for the rina host. Aquatic insects may swallow 
free living larval stages of parasites, or way be actively attacked by 
larva]. parasites which sain entrance to their bodias by penetrating the 
cuticle. These insects way in turn. be t 

fection thus passed on to them. 
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In some causes tho puragites tay be taken up by insects or enter 

‘their bodies during en vie stace of develipment of the insects and 

persist in later staces. Infection way thus occur during one stage of 
the insect but the LEO ear of the parasite to a stage infective for 
‘the ite host may not be conpleted until after the insect has reached 
a later stage. ‘Thus flie$ become infected with 2 certain parasite of the 
perce during the maggot stage, but the young perasites do not become suf- 
‘Ticiently developed to be returned to the Pinel host until the flies nave 
reached the punal or adult stage. 


Mode of infection of vertebrate hosts, 


Parasitic worms that have insects for intermediate hosts reach 

their final hosts in various ways. In the case of some species the in~ 

sect hosts are swallowed either 2s the habitual food of the final hosts, 
or incidentally with food or drink. In other instances the young wort 
uey have already escaped frou its insect host before it is taken in with 
food or drink by its final host. The cases of cecidental infection with 
horse-hwir worms not norrally parasites of huvan beines are likely to 
have happened in this way, The parasites of which blood sucking insects 
are intarnediate hosts may be introduced into their final hosts as a rem 
sult of the escape of the larval parasites fro. the insects at a time 
when the aia aed are drawing blood. Coitonly the larvae burst through 

ot in the cuticle of the insect andi then burrow into the sin 
inal host. 
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The parasitic worms of the higher aniials in whose life history 
insects and insect-like organisms flay a pert belong to two large zool~ 
ogical groups, Plutheliinthes und Momeihewie? thes, The former ray be 
subdivided so far as concerns parasitic fornis into Cestoda, or tareworns, 
and Trematoda or.flyxes; the latter into Newatodes, or roundworms in the 
restricted sensc,Gordiacca or horse-hauir wornus, and Acanthocephale, or 
thorn-headed worms, 


. 


CESTODA OR TAPEVORMS, 


All tapeworms whose life history hus boen well established requi- 
re intermediate hosts, and are thus heteroxonous puerasites, A typical 
life nistory of a tapeworm is es follows: The adult lives in the intes- 
tine of the final host, The eggs pass out of the body of the infested 
aninal in the feces . The feces or food or drink contaminated by them 
are wwallowed by an animal that can act us an intsrmediate host, The 
cges thus reuching the intermediate host hatch in the alimentury tract 
ani the enbryos set froo, wigrate into near by or remote tissues of tho 
body, developing finally into an intermediate stage commonly of the type 
known as a cysticcrcoid in the case of thosc tapeworms whose intermedi- 
cgi stages occur in insects, Having reached this stage further develop- 

rent awaits the time when the intcrivediate host or infested portions 
of its body are swallowed by an anival that can act as the final host, 
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ynereupon it resures its Jeveloprent ond becouing cauture conupletes the 
life cycle, About 1CO species of tapeworms are knowm whose edult stu- 
25 occur ir tian or domestic aninzls. Four of these, Dinylidium sari 

the double-pored tapeworn. of the dog, cat, and ian), HYvmenolepis dirin- 
uta (the yellow-s:otted teurewor: of rats, aice, and man), Hynenoleris 
nune (the dwarf tupaworm of rats, mice, and van), and WO Gh 218 in- 
(undibulur, (one of the tapeworus of the dovestic fowl), have insewts as 
inter: euiite hosts, with the possi*le exeeptior of the ene tuteworn in 
whose life history the purt pleyed by insects has not been definitely de- 
bert. ioe, 





Divyvlidiwicaniun .(Linraueus, 1758) ‘Ruilliet, 1392, 


This tapeworm, sometimes called the dovble-pored' doe tapeworm is of 
very co:“con occurrence in the Shull inte astine of dogs und cuts, and of 
occasional occurrence in human beings. Its larval stare (cystacercoid) 
occurs in the biting doz louse: (Trichodectes canis) as determined exper- 
imentally by Melnikov (1869) and in fleas (Ctenocevhalus canis, C. -_ 
13, and Pulex irritans). Fleas apparently ure the usual intermediate 
hosts. Grassi and Rovelli (1888,1%89) followed the various stages of 
larval developrent in adult fleas, frou the hexacanth embryo to the ful- 
ly developed cystirercoid, and as they fuiled to find the parasite in 
larval fleas concluded that only adult fleas can act as hosts. Recently, 
however, Joyeux (1916) has reached the conclusion that adult fleas are un- 
aole to swallow the eves of the tapeworm, He finds that larval fleas 
readily swallow the esrs; thess hatch in the intestine of the insect, and 
the embryos thus releasod penetrate into the body cavity, They persist in 
the hexacanth stage until the transformation 6f the flea into the adult, 
after which they procedd with their development and in a short time reach 
the cysticercoid stage. Infection of the dog,acat, or human being occurs 
naturally as a result of swallowing infested fleas. Fleas,;are exposed to 
infection owing to the fact that their larvae live in an enviornment like- 
ly to be contarinuted by the feces of infected dogs;or cats, The eggs of 
the tupewor as rassed in the feces are grouped in carsules containing 
&vout & dozen eres so that infection of the insect host is lizely to be 
nhultiple., ‘he double-vored tapeworm is relutively uncommon in man and 

st of the cases recorded, of which there have been less than 100 all 
told, three in the United States, are sarong children. Children are more 
likely than adult human beings to mallow fleas which would explain the 
grsuter frequency of infestation airong children. Another possible ex- 
planation of the sore cormon occurrence of this parasite among children 
then anong adults in that older persons may possess a greeter immunity 
to infection. Prophylaxis aguinst the double -pored tapeworm consists 
ope y an Set $3: ing dogs und cats free from lice and fleas, and so farses 
hutan beings are concerned SAGA UG te dogs and cats, especially if they 
are lousy or infested with “leas, from human habitutions, 


Uynenolepis ditinutsa (Mudolphi 1919) Blanchard, 1961, 





nyicnglenis dininuta (ine yellow srottad tara vor.) is 0: 7re- 


quent occurrence in the swall intestine of rats and Tice, particularly 





i eee 


develop into cys 
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the former, end of occasional occurrence ir tne irtestine of tan, The 
adaptability of the ddult tapeworm to hosts s6 widely different as fo- 
dents ond human bein:s is caralleled by the adaptability of the larval 
Stuge to vurious internediute hosts. Cysticercoids belonging to this 
1a S have been recorded in various insects; wu Leniaopteron, Asépia 
farinalis, in both lerva en™ 


‘ 7a 4 wiley =e hae aenniil dw 
inago, enlorthoptsron, Anisolubis grotli+_ 
= ao “ WA “(5 r ay. Pe Mah: 4 ’ at ee 2 v4 1. “a 225 May ya ya } 
aos) VOlCO"teru, Akis stinose, Meyrig striztvug, and Tene>rio :olitor, 
—_ acces “remand See — see 


and fléas, Ceratonhyllus fasciatus, Xenonsvllu‘cheopis, Pulex ifritens, 
Sa er erneenrnenesaen @ | Shree OY ee ee ES ee 


Ctenocephafus canis, also in iyriarods,; Fontaria virginiara «nd Ju- 
nn ra * y A A sic nee mae 


ius sr. ‘Nicoll and Minchin (1S11 ) found the cysticercoids in about 4 
per 


cont of the'rat WWess ( 8 ott of 207) they egarined during a neriod 
of thirteen months, and they succeeded in infecting rats with the tane- 
worr by feeding ther, fleas, as Grassi and Rovelli (1892) had previously 
done by feeding other insects. Joueux.(1916) infected the larvae of As- 
opie iarinalis ‘by feeding the eves of -H, dirinuta and believes ‘the cys- 
tacercoids recorde: in the adult moth by Grassi and Rovelli were curried 
over from the larval stare of the insect. He failed in his attenrts to 
infect Forficula auricularia, Perirleneta orientalis, and Blatella ger- 
Manica, He also failed to"infect beeties belonpying to the species Blaps- 
wortisasa, but succeeded easily-in infecting the adults of Tenebrio woli- 
tor. The larvae of this lutter beetle according to Joyeux arseincapa- 
ble of acting us ‘intermediate hosts of H, diuinutg. He. wis able to in- 
fect the larvae oficrat fleas and of Puléx irritans and Ctenocepralus ca- 
mis. In these insects the embryos of H, diminuta begin iznediately to 
ticercoids and do not wit for the transformation of the 
larval fleus into adults, us Joyeux found in the case of Dipvlidiun cun+ 
Yiu, the embryos of which apparently lid dormant in the insect until af- 
ter it transforms into the adult stage. .In this country Nickerson (1911) 
has reared the cysticercoid in ryriapods, Fontaria virciniana and Julus 


sp. fed on the eges.of the tepeworm. He failed in his attemmts to infect 
‘eal worms, 4 ; 


It is evident that infection of. the a@ifinitive host ‘with HW. din~ 
inuta results fron swallowing infested insects, 
infested 4s uw result of swellowinn, the evrs 
itols rarboring the tupeworms, /® 


the latter having becore 

contained:.in the fecas of an- 
uw Terasite of nan in the tnited States 
So far us available statistics show H, dininuta ranks about third in fre- 
duency eicong the tapeworns, the beef tapevorm (Taenia sarinata) being the 


fost covton, and the dwarf tareworm (i. nana) being next. Pvident sroph- 
ylactic weusures are those ra 


irected toward the destruction of rats snd 
fice anu the avoddance of the incestion by huran beings of the various 
insects that.vsay serve as interiediate hosts, 
of furinaceous.foods from insect infeststion 


4 


especially the rrotection 


. 





ice and is of rather frequent occurrence in man, e 
eeciallyian children, In the United States it ranks sacor: to the ves 
tapeworm in the order of frequency wionp the ta.eworms of ian. Its 1 

mistory has not been fully wor:ed out. Grassi (1887), hovever has found 


"ao SS 
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that cysticercoids develop in the intestinal villi of rats that have been 
fed the eges of the dwarf tuneworn., According to his view the cvsticer- 
coids later break out of the vibdli into the luwan of the intestiné and 
grow into ieture tapeworms. The rut. thus acts both as intervtondiate and 
definitive host of the dwarf tapeworm, the parasite being spread fypm one 
rat to another throuzh the nedium of the eggs tassed in the feces. The 

dwarf tapeworm according to Grassi's verston of the life cycle is an ox- 
cention to the rul@w arong tapevorms that the aault stage oceurs in one 
species of aninal and the larval stace in another species likely to be 
eaten by aninals of the species that harvors the adult bate? 


“tyarnen as Widoll und Minchin (1911) have Pour cy atice nena 
ian a rat flea” (Cerutophyllus fasciatus) that in. details of headsstru¢ture 
are apparently exactly Similar .to and specifically identical with the 
dwarf, tapeworm, the question arises whether such insects may not act as 
intermediate haste! and whether in addition to the life cycle of an ex- 
ceptionalltype described by Grassi, the dwarf tapeworm also has a life 
cycle of the ordinary type. T.H. Johnston ts found cysticercoids sium 
ilar to those recorded”by Nicoll und Minchin in «nother srecies of rat 


Hy28 s ASNOD Bi eer geeA) 23 well as in sore tol ti tus fasciatus. 


Joyeux (1918) has fuiled in experirents mays fleas belonging to 

“the species named and to related species, to infect them with H, nana, 
Ne states he used. both. larval and adult fleas. On the other hand he 
was uhbe to confirr Grassi's results and succeeded in infecting ua large 
ee or rats and nice vy"festting then: the ezes of the tapevorm, The 

éxneriuéntal evidence - thus far available accordingly fa¥ors the view that 
oe do not plav a necessary part in the life history of .the dwarf 
tar evorn. , Farthermore Bona ian ans the frequency of occurrence of H. hata 


aS dataset U6 ‘of wan, un. the enormous numbers of the rarasites sonetines 
Wakes it would see: that mite dtc ip is more lielyv to occur in the tan 


er doscribed by Grassi than as a result of swallowing rut. fleas, there. 
Scing of coursé*a eréater likelihood of human beings swallowing rat feces 
or fecal watter from other human beings containing lerge numbers of errs 
of the tapeworm than of swallowing rat fleas containing a sufficient num- 
ber of cysticercoids to develop into the large nupher of tareworms that 
have been found in some cases, ) 





. 


Chounotasnia infundibulum (Bloch, 1779) Cohn, 1899. 


Choenotaenia infundibulum is a common tapeworm of :chickens in va- 
Tious,surts of the world. Grassi and Rovelli.(1¢82) in Italy found ecvsti 
cercoids in. the comcon house fly (iusca domestica) which on account of 
their worphological.similarity. to Choanotaenia infundibulum they inferred 
belonged to this species. From the results of experizents conducted in 
this country by Gutherlet (1916) it appears safe to conclude that the cone 
“on houses fly acts as the intervediate host of the ¢apeworm, Choanotaenia 
infundibulum, tnfection of the fly apparently occurting as a result of 

swallowing eges of the tapeworn, and the chicken in turn acquiring the 
parasbte as a result of swallowing flies infested with the. cysticercoid 
stage “hether infection of the fly regularly occurs during the larval 
or oe the adult stage, or during both stages, has not been derinitely 
settled. 
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Prophylaxis 11 the case of this taceworr. is obviously largely 
derendent won fly coutrol measures, 


Other tecewornms, 


According to Villot (1s 383) the lerval tapevorm observed by Stain | 
(1882) in bg dct of Tenebrio solitor belores to the taémeworm of the 
mouse known as Hywenolevis vicrostota. The sare writer (1978,12983) ale 
So Beencintoe “with certain tupewornis of shriws two snecics of larval 
tupewortns which he found in iyrianods, Gloneris lirbetu. . Further inves- 


tigation of these parasites aprear necessury to substantiate the vies 
neld by Villot as to their specific identity. 


TREMATODS OF FLUYTS. 


All species of flukes whose life history is known depend upon 
SCS oS 08ts for cortuin larval Stages und they tay or may not 


Or wore hadhthows lnteri.ediate hosts bavore they reach 
initive cost. It is us internediate hosts following the first 
diate’ host, a reali that insects can play a gart in the pro- 


Ratios of flukos, As yet it has not been shown that insects are con- 


. 


sinsd in the life anne of any of the fhikes (abbut en mown species) 


elt or pet Perasites has not teen determined it is Hees kale that 
in the cuse of sof stecies insects willbe found to act as internedi-« 
ate nosts. Lifterent ssecies and groups of species show various trees 
of lite nistory. with reference to the number of larval stases through 
weich the parasite passes and the nu-her of intermediate hosts required, 
A corparetively sivple life cycle is as follows: The caturo flue in 
the definitive host produces eges which puss to the exterior in the fe- 
ces, Under suitable conditions of moisture snd temperature the ege h 
hatches and #oiliated larva, the mirzcidium, issues. If this mirgcidi-~ 
ut; Tinds & suitable mollusc (different sce2cics of molluses attraté dif- 
ferent species of niracidia) it burrows into the soft tissues of the er 
lusc and reaching the respiretory chimbor proceeds to develop into th 
ons stage, the sporocyst. . Within the sprorcyst by & process of tere 
nal budding i ore or less nurerous so-called readize develop, Tho rediae 
easy leave the spavocyst end misrete into the liver of the wollusc, 
In the rediia several generations of duughter redi:ne may develor by bud- 
ding. The next stage developed also by internal budding from the redia 
is the cercuriag. The cercuria of some species is provided with a tail by 
means of which it ewins about in the water when: it finally escunes from 
the mollusc. The cercuria uay be swallowed by or actively penetrate 
into sowe animal and become encysted in this aniral, Finully when the 
animal harboring encys ted inuature flukes is. swallowad by an animal 
which can serve as 4 host of the adult fluke. the young flukes thus reach- 
ing their defini hea bost develop to maturity and the life cycle is com- 
plete. 


Following is given a vartial list of the insects in which young 
fluxes huve been recorded. The species to which the young flukes in ques- 
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tion have been assigned und the final host anivals are also. indgcated. 
Murther investigations are likely to show that some of the flues from 
insects have been tisdidentified unc do not belong to the smscies to 
which they have been supposed to belong, und ths duta given ir the list 
should be accerted as fully vroved in any case, though lthere cun be no 
doubt in sous of the cases cited. No distinction has been rade between 
certain and doubtful cases, except that a few that ure doubtful are inds- 
cited by question narks. The determination of species of young flukes 
found in insects has generally ceen wade solely upon their uorphological 
sinilerity to adults occurring in vertebrate hosts and it is quite like~ 
ly that udstukes have been wade by investigators of these perusites just 
“$ Histakes have frequently been rade in the association of innature and 
wdult parusites belonging to other grows of worms, 


a 

















oh Sh eda tone e ee Adult Zluxe Final host. 
Coleoptera: : : 
flybius fulisinosus (adult) $ Hoslonwetrs evlindracea : Frogs 
Water beetle (lLurva) %,. Proséto¢hs coniusus ' i" 
I} " " s Pletrovenes. edians - ae 
: " n " : Plevropenes clavi:rer . " 
Lenidop tera: oo oe : 
Hydrocanpa nymiphaecta (lurve) ininown Unknown 
: : 
Dis tera: : 
Anopheles cluviscer (adult) : Unknown : 
f waculipennis (adult): ie : is 
‘i ROS&I (adult) oe i ; 
CAironorus plu.osus (Larva) : Leetthedendrium ascidia — : Bats 
Culex fatigans (adult) : Unknown | : Unknown 
Neuroptera: ‘ | : 
fnabolia nervosa * Allocreadium isonortm :Cyprinoid Ffish> 
Anabolia nervosa (larv:) ¢ Opisthioslyetss rustellus : Frogs 
Chesto teryx villos: (larva) $)Allocresdiv, iso: ors ‘Cyprinoid 
Clocon dipterus (larv:.) $?Ooisthiogly he rustellus : Frogs. 
Drusus trifidus (larva). ‘ Unknown * Unknown 
Epitheca (larva) : Gorgodera cygnoides : Frogs 
: 4 : "  pagenstecheri : " 
i : : “ varsoviconsis : " 
Limnophilus rhombicus(larva) : Opisthioglyphe rastellus ‘ a 

" eriseus (larva) : " n : on 

" lunatus (larva) : " n t . 

0 flavicornis (L) : " " ' " 
Mystacides nigra (larva) : . Unknown ! Unknown 
Notidobia ciliaris (larva) ; " : " 
Phryganea sp, : Locithodendrium chilostomur : Bats 

ee " grandis (larva) , Un:mown : Unknown, 
Rhyacophila nubila(laurvu) : " : " 
Sialis luteria (lurva) : a : " 


Se be a 


Ne thontarti: : is 3 Bod Pesce. 
Aeschna (larva & adult) 


: Prosotocus confusus : Frogs, 
Agrion (larva) gS iwee Gorgodera pagonstechori : . 

t PSs s thas areata versoviensis : 

" " : Pleurogencs n2dians Sete 
Calonteryx virgo : Halipegus ovocandatus . 

" " (larva &@ adult) : Pneumonoeces similis PS eh 
Gordulia (larva) : Prosotocus confusus + # 
Epherreta vulgata (larve) : Allocresdium isoporum : Cvprinoid fishes 
2M eae eet -  ??0Opisthioglyphe rastellus: Frogs 
Fohereridae (larvae) : Lecithodendrium ascidia : Bate 
Perlidae (larvae) aro Mi " yi halt 

paces ky . “Unknown : Unknown 


-NEMATODA OR ROUNDMORMS , 


ob eseriisn See 
a eee nt 


Among parasitic worms the species of nematodes are more numerous 
than either the snecies of tapeworms or flukes, Nematodes-as a group 
“re not exclusively parasitic and thousands of free living species are 
known to exist although commaratively few have been described. Many 
species of nematodes are parasites of insects only and do not occur in 
other animals. Insects therefore harbor parasitic neratodes which belong 
to them exclusively as well as the larval stages of nematodes that occur in 
higher animals in their adult stage, The ubiquity of free-living nematodes 
introduces a frequently troublesome complication into the study of the 
life-histories of monoxenous parasitic nematodes of which there are many 
species, and the cormon occurrence of parasitic nematodes ariong insects 
introduces an equally troublesome complication into the study of the life- 
histories of the heteroxenous nematodes parasitic in higher animasl for which 
insects may serve as intermediate hosts. “About 250 svecies of nematodes 
have bean recorded as parasites of man and domestic animals, Many of these 
require no intermediate hosts, but some are heteroxenous parasites, and a 
number of these are known to have intermediate stares in insects and close- 
lv related arthrovods. In the followins discussion, in addition to the ne- 
iatodes parasitic in man and domestic aninals, certain Species parasitic in 
other animals are also considered because of the part played by insects 
in their life-history; For convenience they may be placed in two groups, 
(1) those in which the egcs or first-stage larvae leave the body of the 
final host in the feces, and (2) those in Which the first--stage larvae occur 
in the blood or lymph of the final host and leave the body through ingestion 
by blood~sucking insects, 


(1) Parasitic nematodes whose ergs or larvae leave the body of the 
final host in the feces, 


Protospirura ruris (Gmelin, 1790) Seurat, ta HS 


This nematode parasitic in its adult Stace in the stomach of various 
species of rats and mice is of special interest historically as being the 


> and fox (Vulpes vulpes atlantica), Seurat (1912, 1916) finds what he 
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first parasite in whose transmission to its final host an insect was found 


a 


the encysted..stage fonnd.by Stein. This development is completed in a- 
bout six weeks: after ingestion.of ‘the eggs. The development to the ad~- 
ult stage was also followed.in mice fed with the encysted nenatodes from 
( meal.worms. Johnston .(1913) has recorded encysted neratodeslarvae which 
appeared to him identical with those of P. muris in the body cavity of a 


rat flea (Xenopsylla_ cheopas). 
Spirocerca sanguinolenta (Rudolohi 1619) Railliet & Henry, 1911. 


The adults of this nematode live in tumors of the stomach and 
asephagus of the dog and.-the. wolf, The eggs unhatched pass out of the 
body of the dog in the feces. Gragsi (1888) found encysted larval nema- 
,, todes in cockroaches .(Periplaneta “orientalis) .which he, suspected were 

~ the larvae of S.. sansuinolenta, Dogs fed with these encysted nematodes 
after five days showed the larvae free in the stomach; after ten days 
the youn® worms were further developed und were firmly attached to the 
.tucosa of the esophagus; and after fifteen days they had sunk themsel~ 
ves into the wall of'-the esophagus and had developed still futher, 
Grassi concluded that cockroaches act as intermediate hosts, owallewing 
the eggs in.the feces..of infested dogs, and in turn being swallowed by 
dogs, Seurat (1913), however believes that Grassi was mistaken as to 
- the identity of. the encysted .ematodes found in.the .cockroaches, and 
-3- that.they were -really the larvae of Spirura castrophila, the adult of 
Which ovours in the stomach of the cat, -hedgehog: (Erinaceus algirus), 





‘ considérs to be the larvae of S. sanguinolenta encysted in = reat va~ 
riety of animals intluding beetles, reptiles, birds, and mavnals, The 
presence of the encapsulated larvae in various vertebrates ke explains 
as the result of the ingestion.6f insects infested with the larvae, I8 
the vertebrate is not a host in which the parasites can continue their 
development as they would in their normal host the dog, they migrate in- 
to the wall of the alimentary tract or mesentery and become reencysted 
without further development. If, however, the infested insect is swal- 
- lowed by a dog the larvae after they have been freed by digestion of the 
cysts surrounding them continue their development end finally reach ma- 
turity. Seurat in fact found that encysted larvae in insects identifi- 
ed as those of S, s.nguinolenta when fed to mdce became reencysted in 
the manner described. Seurat (1916) records the following insects as 
hosts of the larvae of S, saneuinolenta, all of them beetles: Scarkba- 
eus (Ateuchus) sacer, Scarabaeus Varinlosus, Acis soryi, Geotrypes déues, 
Copris hispana, and Gymnopleurus”sturmi, According to Seurat the life 
cycle of $, sanguinolenta would be.as follows: The eges pass out of in- 
fested dogs in the feces, are ingested by beetles, hatch, and the larvae 
after a period of growth and developrent become encysted, If infested 
insects are swallowed by dogs the larval wotms are release@ from their 
capsules and develop to maturity, If the insects are swallowed by an- 
imals, other than dogs, the larvae may become freed from their cysts as 
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in the alinantary tract of the dog, but they are unable to develop fur- 
ther and leave the lumen of the alineatary tract and become reencysted 

in the tissues 66 which they migrate, Ingsuch a case, of course, there 
is possibility of their resuming their develooment if the infested an- 
imal should afterwards be devoured by a dog, but this rossibility appar=_ 


ently had 3% veen substantiated, 


Soirura sastroph¢la (Mueller, 1894) Marotel, 1912. 


This nematode occurs in the stomach and the lower end of the 
sspphagus of the cat. It has also been recorded by Seurat (1913) from 
the stomach of a hedgehog (Erinaceus algirus) end the stomach and esop- 


hagus of a fox (Vulpes vulpes ctlantica). Th&s author identifies cer- 

tain encysted larval nematodes found in species of Onthophagus, in Peri- 
planeta ofientelis, in Blans strauchi, and in Blaps so. (near appendicu- 
lata) as belonging to S, fastrophiies, He thinks the parasites found in 


the cockroach und called Tilaria gyhipleu ites by Deslongchamps (1824) 





pastrochila. He also 
dismisses Grassi's exveriments as insufficient to show that the nematodes 
encysted in cockroaches are the larvae of Snirocerca sanguinolenta as 
Grassi beiieved, and concludes that Grassi was mistaken and was really 
dealing with the larvae of Spirura castronhile’ 


Gonsylonera _scutatum (Meeller, 1869)Railliet, 1892. 


This nematode in the adult stage is a common »arasite in the mu- 
cous tembrane of the esophagus of cattle, sheep, and other rurinants, and 
has also been recorded fron. the horse. Ransom and Hail (1915,1916,1917) 
have shown that various species of dung beetles (Avhodius femoralis, A. 
granérius, A..finentdrivs, A, colora¥densis, A. vittatus, Onthophagus he- 
Cate, and 0. Penarfsylvenicus) act as internediate hosts. Experimentally 
eoceroaches (Biatsl12germanica) can also be made to serve as intermedi- 
ate hosts, a par of course which they dowmot play under natural condi- 
tions, The eggs of the parasite pass out of the body of the difinitive 
host in the feces and are swallowed by dung beetles. They hatch in these 
insects, and the larvae entering the body cavity undergo a certain growth 
and development, reaching their infective stage in about a month, mean- 
while becoming enveloped in capsties in which they lie in a coiled up con- 
dition. Further development waits upon the wwellowing of the infested in- 
sect by a cow, sheep, or ather svitebtb host as way readily oceur while 
the animal is grazing, the insec% being ingested with the herbage upon 
Which it happers to te. cliowing their ingestion by the definitive host, 
the larvae are releaséd from thelr capscles and develor to maturity, 


Gongyltinema mucronatum Seurat, 1916, 


This nematode occurs in the adult Stage in the mucosa of the eson- 
hagus of the Algerian hedgehog (Erinaceus Algiris)/ According te Seurat 
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(1916) its larval stage is found encapsuled in the vody cavity of vare 
ious species of coprophagous »eetles, Ateuchiis sacer, Onitis irforatus, 
Onthophaeus bedeli, Gyrnopleurns ropsus, Gvinopleurus swurmi, and Geo~ 
tyrpes dousi but there arnears to have been some confusion as to the id- 
entity of the larvae in question, and further investigation of the life 
history of this species is necessary (Ransom & Hall, 1917). 





Gonevlonena neoplasticum (Fibiger & Ditlevsen, 1914) Ransom & Hall, 191 

This nematode occurs in the adult stage in the mucosa of the sto- 
nach, escphagus and mouth of the rat. It has been reared experimentally 
in the rabbit and guinea pig as will as in the rat and mouse, It is of 
special interest frow the medical standpoint because #f is commonly as~- 
sociated with and perhaps stands in etiological relatiohship to gastric 
carcinoma of rats, Fibiger und Ditlevsen (1914) have proved that cock- 
roaches (Periplaneta americana, P. orfentalis, and Bhatella’ ernanica) 
and @ grain beetle (Tenebrio molitorjcan avt as intermediate hosts. The 
S8es are passed in the feces of infested rats end if ingested by one of 
the insects named will hatch, the larvae within twenty davs after ingest~ 
ion of the eggs developing to the infective stage. In this stage the lar~ 
Vas are coilad up in cysts in the muscles of the prothorax and legs, dif- 
fering in location fre the larvae of G. scutatu, which in artificdally 
infected cockroaches as in'their norzal hosts, dung beetles, are found 
encysted in the body cavity. 


Arduenna strongylina (Rudolphi, 1819)Railliet & Henry, 1911) 


This nematode in its adult stage occurs in the stomach of the pig. 
Seurat (1916) has recorded the Qresence of larval nematodes in the #6om- 
ach of a pig ussociated with adults of A, strongylina which he considers 
belong to thas species. He has found morphologically sinilar larval ne~ 
matodes encapsuled in the body cavity of Aphodius castanedus and states 
that they also occur in beetles of the genus Cathophagus. Apparently 
no foeding experiments have been carried out. Presumably the life hist- 
ory would be similar to that of Goneylonoma scutatum, Protospirura muris 
etc,, that is, tne eggs of the parasite passed in the feces are swallow- 
ed by: beetles, the larvae develép in these insects to ths infective stace, 
and are transferred to the définitive host wnen the beetles are swallow- 
ed by a pig, after which the voung wortis complete their development to 
naturity, . . 


Physocephalus sexalatus (Molin, 1860)Diesing, 1861, 


The adults of this nematode live in the stomach of the pie, drom 
edary;,. and donkey, Seurat (1913) has found two successige larval staces 
preceding the aduit in the stonach of the definitive host (donkey) and 
has also (1916) established the corzon occurrence of the earlier of these 
two stages in various dung beetles (Scarabacus (Ateuchue) Veacer, Ss, 


—— ay ee 


Toe enter 
Variolosus, Geotrypes douei, Onthovhasus Hébulcsus and QO dedeli), Pigs 


ae 
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of course sre connonly known to be coprovhurcus in their habits und Sev- 
rat states that the donkeys of Algeria where his investigations were 
iiade conmonly devour fecal ratter swarming vith dung beetles, The way 
in which the lurvae of P. sexalatus reach their final host is there- 
fore evidently through the ingestion of infested bectles by pigs, don- 
keys, or drozc ederics, Presurably of course the veetbes becore infested 
by eating the. eges of the parasite which are rassed. in the feces of in- 
fested vigs, ‘donkeys ‘and dromedaries, As ts the» ‘case of Spirocerca san 
Muinolenta Seurut finds encysted-larvae of P. ‘ssxalutus in various vere 
tebrates in Algeria varticulerly reptiles and insectivores, Their rres- 
ence in these arninuls he would exclain in the same way 2s he exnlains 
the presence of the en¢ysted larvae of 5. sansuinolenta ‘in sucn enirals, 
that. is, the larvae present in insects devoured by thé urivels in ques- 
tion.are imatle to continue their development as they would in rigs and 
other suitable hosts. On the. other:hand they do not succumh in their 
strange environment nor do ‘they rass through toe alinentary tract with 
the feces but penetrate into the lls of the stomach and into other ti 
sucs and becone reencysted, surviving in this. condition more or less 
.indefinitely. They ray thus be considered Sarasites that have gone as- 
tray but still canable of existence in their. abnormal ‘environment, The 
possibility of their developing to vaturity, af ter“reencystment-in a 
strange host if this aninal should Bes eaten by a:fig has not been sub- 
Stantiated AO al other . 


* ghee 


Ri Feurat {1916) has counted 4,380 larvae identified as P. sexala- 
tug a 3 single beetle (Seurabseus (Ateuchus) sacer sacer), In addition there 
“were 68 larvae of Spirocerca sanz tuinolenta in the same beetle uaking a 
owl for 4,948 lur¥ae in the one insect, 
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Habronena LSC (Carter, 1861) Diesing, 1861. 





er 5 
Pay 





.:This nematode in the adult eters occurs in the stomach of hor- 
ses and other equines, coruonly 4méasso¢zation with another closely. re~ 
lated stecies, Hi, wicrostona, The life ‘history of H. mustae has been 
shown to be as follows (Ranson, 1911, aa The eggs or the larvae vass 
out of the body of the host in the feces They enter.-:the bodies of the 
larvae of the conion house fly nrobably: being ‘swallos ved though the mode 
of entrance has not been determined by dire sct observation, The worm lar- 
vue grow und develop in the developing fliés und at about the time the 
adult insécts evergce fron the cunal stare the larvae reach the infective 
Stare. In tnis stage they are rost cosinonly found in the prohoscis. The 
insestion of flies hurhoringe the‘larssde ty horses brings the voung para~ 
Sites into the locution where the adult occurs, and oresunebly this is 
the cotimnon inethod by which the larvae reach their final host, The fre- 
Quent swullowins of flies by horses is an undoubted fact. The mouths of 
horses are.very attractive to house flies especially while the horses ar: 
eating as any one can determine by a Few minutes! observation of the ani- 
wals durins the fly season, There is alee another nossihle and very pro- 
bable way’ir which the larvae are transferrad to horses, sesrested of 
course by the habit of the larvae of congropating in the proboscis of the 
fly. "“e ray expect that it will be demonstrated in analogy with what has 
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been shown to occur in Tilaria transti'sston by wosquitoes that the lare 
vae of H. ruscue can actively leave the proboscis of the fly while the 
insect is sucking moisture fror the month of lips of the horse. There 

is already, indirect evidence that this dogs occurs: Thd researches of 
Desca zbaux (1915) and Bull, %1916) have chown that tlie nematodes which 
occur in cutaneous sranulonata ahd so-called swwer sérés of horses. are 
worphologically ‘similar to the larvae of Habronera wuscae and in all nro- 





‘ability, helong #6 this or 6 closely related’ srecies.: The vresence of Wh 


Habronena larvae in these sores-is strongly suepestive of thedr intpo- 


duction by flies, Whether they are able to wWierate to the stomach and 
complete their daveloprent to naturity remains to he determined.. 

It is of interest to note that Habronena ruscae was known as a | 
arasite of the fly lone before its relation to the horse was deronstrae 
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d. Carter in 1861; was the first to racord the >resence of the nema- 
todes.in flies, following which they were frequently observed by entoro- 
locists and Q@thers who Kad occasion ‘to examine the troboscis of the fly 
under the hicroscone, - igs bE aA Sa anne : : 


i 


Larvul nematodes very sinilar to H, museaue have been seen in the 
rroboscis of Stotioxys calcitrans by Johnston and others. A careful come 
parison ofthese larvae with those of B. muscie appears not to have been 
rade. If they are not ‘identical there isa possibility of thoir belong~ — 
ing to the other species of Habrponems rentioned, naniely Hy aicrostora, 


eras cote Pac : 

The fadt that these more or less injurious purasites of the horse 
devend unon flies for their éxistence is a point which may be added to 
those commonly used in arpurents for the necessity of fly eradication. 
The possibility is also not exéluded that flies ray introduee Habronema 
iurvae into huran beings; in whose tissues they nay perhaps be able to 
Jive for &@ time and-do considerable damage. Though there is hd evidence 
that this ever occurs, the possibility is one that deserves consideration 
fror: those who have omportunigy to investigate the relation of flies to 
wounds and other lesions of the skin ond mucous membranes, 


Actiatia nasuta (Pudolphi, 1819) Reilliet, 
Henry & Sisoff, 1912, 


the stomach of the Jorestic fowl and the sparrow, Insects have not been 
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ksc. ris lumbricoides Linnueus, 1738, 





This conton parasite of ran bas heen definitely shown to have a 
Girect life history without intermediate host, The Opinion of Linstow 
(1U86) that a species of Julus (ovttulutus) acts is the intersediate host 
is ithout foundation, The common house-fly way swallow eggs of théps 
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Parasite a8 well es those of various other vurasites which otcur in 

the feces.of infested human beings. The eges vass through the intest- 
ine of the rly unhatched. Flies tay thus scatter. the eggs of Ascaris 
but there is no evidence that wechanical cartiage of the eges in this 
way assists materially in the spread of the parasite. There are various 
Other natural agencies more effective than insects in spreading infec- 
tion with parasites such as Ascaris. : i 








ee 


tb 
iymph of the final host and leave the body through irsestion by blood- 


Sucking insects, 


(2}Parusitic nematodes whose first-stage larvae oceur in the blood or 





Filaria bancrofti, Cobbold, 1877, 


This inpor tant parasite of man is widely distributed throughout 
the world in tropical and: subtropical commtries. It occurs in the Uni+ 
ted States though apparently by no means coxnvion, Historically it is of 
special interest because of the fact that it is the species Which Man- 
son (1878) showed passed through vertain uwetarornhoces in the bodies of 
mosquitoes after the larvae had been sucked up by these insects in the 
blood’ of huzan beings affected with filariasis. Manson's researches 
coupled with confirnatory work oy other investicators established the 
novel fact of the transiission of an animal parasite by a blood-suck- 
ing insect, and way be tuken as the Starting point in the development of 
our knowledge concerning the part played by such insects in the spread 
of disease-causing oreanisms. Lewis had also observed the passage of 
the larvae fror. the human host into rogquitoes, The first obdservation 
of these larvae in ran was recorded by Derarquay in 1864 in Paris, the 
adult female was discovéréd by Bancroft in 1876 in Queensland, and the 


adult male by Bourne in 1288, 


The advlts of this species live in the lymphatic syster, both 
vessels and Glands, The first stage larvae which are provided with a 
thin cuticular sheath, apparently the transformed ege sheil. are found 
in the blood stréan, usually periodically as first shown ty Manson, 
that is, in considerable rumbers only at nicht or rather durinz the 
hours of sleep; as tho periodicity may be reversed by raking the pati- 
ent sleep during the day tine. One of the names of the pérasite, Filar- 
la noeturaa, is based upon the periodicity of the appearance of the lar- 
‘vae.in *he blood. Various pathologi@al conditions have heen atiribut- 
ed to Hilaria hancrofsi, such as adenitis, lynphancitis, abscesses, 3 
lyimh-scrovum, chyluria, and. other disturbances of the lymphatic syvs- 
tem, The connection between filariasis and elerhantiasis is still a 
matter of argurent among patholorisis, 


When taken into the stomach of a mosquito the larvae lose their 
cuticular sheaths, Within 24 hours they leave the alimentary tract, rass 
into the body cavity, then into the musctes,o§ the thorax. In the rus- 
cles they become shortened to abcut helf their original length and tean- 
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while incre.se to twice or more than twice their original thickness, 
developing into what is known as the sausage stace of general occurrence 
in the development of Filaria larvae, Developing beydénd this stage 
they increase rapidly inllength, cast their skin at least once, and in 
One to two weeks after infection of the mosquito, or longer, according 
to temperature and the species of mosquito infested, they complete their 
larval development so far as the intermediate host is concerned, reach- 
~ing-a length finally about three to five times the length of the first- 
stage larvae . 

and a thickness about three or four times the original thick- 
ness. They leave the muscles, enter the body cavity, andrmigrate into 
various locations, posterior portions of body, legs, palpi, but in great~ 
est numbers into the labium. From the evidence afforded by the experi-~ 
uents of Nog (1900) with Dirofilaria igmitis: and additional experiments 
by Bancroft (1901), Lebredo (1904,1905) Fiullleborn (1908) and others, it 
“as been concluded by analogy in the case of Filaria bancrofti that when 
an infested mosquito bites a human being the filaria larvae bore through 
a thin portion of the labium known as Dutton{s mambrane, and more rarely 
other thin portions of the proboscis, actively pehetraténthe skin of the 
individual, attacked; and reach the luimphatic system where they couplete 
their development. to maturity. | 


Both anopheline and culicine mosquitoes can serve as intermedi- 
ate hosts of Filaria bancrofti including the foloowing species: 





- Anopheline mosquitoes. 


- Myzomyia rossi 
Pyretovhorus costalis 
Myzorhynehus sinensis 
Myzorhynchus barbirostris 


Myzorhynchus penitanniatus, 


Culicine mosquitoes. 





Culex pipiens Stegonmyia calopus 

Culex fatipeans Stepouvyia eracilis 

Culex skusei __ Mansonia- uniformis 

Culex gelidus Mansonia annulipes 

Culex. sitiens - Scutomyia alboline tea 
Culex albopictus - Taeniorhynchus domesticus. 


Besides those named about a dozen other species of mosquitoes 
have been tested as hosts of Filaria bancrofti with negative results, 
or with results showing that the parasites would only develop imperfect= 
ly. Fleas, ltee, and Sstomoxys have been tested with negative results, 


me 








Prophylaxis against Filaria bancrofti evidently considgts in meas~ 
ures similar to those employed in malaria eradication with reference to 
mosquito control, 

Fibaria (Loa) los. (Cobbold, 1864), 


This parasite of man is a West African species, It has been 
brought to America in the slave trade but never established in the New 
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World. The adults live usually in the subcutaneous connective tissue 
but have teen found elsewhere in relation with the serous membranes of 
the abdominal and thoracic viscera. They move about from plaee to place 
and can change their location tather rapidly; for example, one of these 
worms has been sesn to cposs the bridge of the nose beneath the skin 
within arperiod of an hour or two. ‘In their progress beneath the skin 
in varicus parts of the hedy they give rise to transient edematous areas 
known as Calabar sweliings, The larvae produced by the ferales enter 
the blocd stream where they are found in the peripheral vessels during 
the day time, contrary to the habits of the larvae of Filaria bancrofti, 
Because of this characteristic psriodicity of the larvae Filaria loa 
has been also named Fy.diurna. The larvae of F, loa are provided with a 
sheath relatively much longer than that of the larvae of FE. bancrofti, 


Experiments with various ahonuadina and culicine rosquitoes, and 

Glossiz na paire alis have given negative results as to the possibility of 
thess insects acting as intermediate hosts, From Leiper's (1913) resear- 
ee +t would apbear that a species of Chrysovs (probably C. dimidiata 

rC, ioncicornis) acts as the interiediate host of Filaria loa, the lar- 
vae undergoing their development in the salivary glands of the insect, 
Aceordirng to Pingenbach and Guvararc'h (1914), the interrediate host in 
the Gonco is. Carysops centurionis; “Kleine(1915) in West Africa found 32 
owt of 609 Chuysops examined to be infested with larval nei atodes which 
he “cok to be the larvae of FP. :0a though he does not give sufficient 
evidence to support his clain, 





Filaria dermarquayi Manson, 1895, 


Thisrparasite, generally considered identical with Filaria juncea 
an F.o7zarci, occws in nan in the West I@dies and in British Guiana, 
The aduit has been found in the mesentery and under the peritoneum ofthe 
Edonine! wall, The first-staze larvae occur in the blood stream, Their 
appearance in the a eet is not periodic. According to Low (1902) 
the larvae can be developed to the so-called "sausage" stage in Sterormyia 
calopus. Expaerixents with Anotheles albipes, Culex taeniatus, C, fatigans 
-and other mosquitoes, Pees and ticks failed to result in any development 
of the lazvac. Pel lebown{l008) wis able to develop the larvae to the sau- 
sace stace in Anonhne Medial neni iabuh 1is-and Stegormyia calonus, but no develon~ 
rent oceurred in tne wick. Ornithodoros mowbata. Furtaer investigations 
are necessary to determine what insects sérve es intermediate hosts for 
FP dewarcguay i. , 
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Filaria chil} pp inensis Ashburn & Craig, 1906, 


+ ee 


The adult atage of eH pilncpaion hg of man is unknown, The first- 
stage larvae occuring in the blood of wan are Vorphologically identical 
with those of Filaria banerofti. Unlike the latter, however, thev show 
no reriodicity, “8h tburn and Craig (1907) have showm that the larvae will 

undergo developrent in ee (Gulex_- faticans) similar to that of the 
larvae of F, ban erof ti -It is questionable whether F, ~hilippinensis 
should be recoenized. as uw distinct species. 





-879- 


Filurio ovpsels Annett, Button ¢& Mlliot, 1901, 


, The dul t stace of Filuria cypseli occurs in the subcutaneous 
tissue of the head of the swift, Cypselus affinis, also beneath the sub- 
cranial Fascia, The eubryos or first stage larvae occur in the lymph 
arid rarely in the veripheral blood of tnfested birds. Dutton (1906) has 
described vurious larval staces of the ~urasite which he finds in an un- 
deteriined Species of bird~louse belonging to the subfamily Leiothinae | 
that occurs on swifts. The first stare larvacas it is found in the blood 
of the bird and the stozach of the louse is provided with a sheath as in 
various ‘other ‘species of Wilaria, This sheath is lost and the larva pro-. 
bably soon penetrates the stomach wall, The next stage of the surasite 
is found in the fat-body of the louse as are two later stages described 
vy Dutton. The last stage of development seen by him is found freeein 
the body cavity and this is ;robably the stage in which the parasite is 
transferred to the bird; whether as a result of insestion of the louse by 
the swift, or as a result of the active iigration of the worr. fro the. 
louse while the insect is engaced in biting, has not been deteriined, 


| Filaria martis Gcelin, 1790, 





Filaria nartis ( or Fibaria Peer according to various 
wothers occmrs in its adult stage beneath the skin and in the abdominal 
and thoracic cavities of Mustala foina, Baldasseroni (1909) has found 
Fidaria embryos in the intestine of ticks (Ixodes ricinus) taken from a 
Larten: harboring | the adult nematode, and he suggests that ticks may uct 
as intermidiate hosts, As in the case of Acanthocheilonena grassi, Fur- 
ther evidencé is uecessary before ticks can he considered to play a part 
in the life history.e. LSA SE he eM hp 


‘Dirofileria inmitis (uosay, 1856)Paitiiet & Henry, 1°11, 





This nenatode sonetines erroneously listed os a jarasite of wean, 
lives in the right side of the heart and pulmonary artery of the dog, 
‘The larvae are ‘found in the circulation, uost numerous at night as in the 
case of Filaria bancrofth, As would be expected from the location of the 
adult parasite it way give rise to serious symtoms, and uwffected dogs 
counonly succu.b to the disturbances which it causes. It is a trouble- 


some parasite among hunting dogs in the Southern United States. Noe (1900) 


showed that the larvae of this nematode continaa their uevelopment in cer- 
tain species of wosquitoes when sucked up with the blood of infested dogs, 
In 24 to 36 hours after reaching the stomach of the mosquito the larvae 
pass into the Malpighian tubules, They undergo a certain growth and de-~ 
velopuent in this location, und 11 or 12 days after reaching the mosqui- 
to they break out of the tubules, enter the body cavity, and idgrate to 
the labiun, From the labium of the mosquito they reach their final host, 
the dog, in the same manner as Fj} bannorofti reaches its human host, name- 
ly, by breaking through thin portions of the cuticle of the labium at the 
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time the wosquito is engaged in biting its victim. Mosquitoes infest- 
ed with the lurvae of D. iutitis «cre commonly illed by the purasites 
oWing to their uestructive action on the Malpighian tubules, Noe having 
observed that only about vulf the mosquitoes that become infested sur- 
vive. In Italy the coxion intermediate hosts appear to ve Anopheles 
iaculiépennis, A. bifurcatus, Myzorhynchus psevdopictus, and Myzomyia 
Superpicta among anophelifies; culicines, according to Noé, such as Cu- 
lex penicillaris, C. waiariae, and exceptionally C. joiens, Can al- 
So act as intermediate hosts, 


nDrrofilaria repens Raiibiet & Henry, 1911. 


In the adult stage this nematode which is a very similar parasite 
to D. inmitis occurs in the subcutaneous connective tissue of the dog. Its 
larvae enter the blood stream whence they are ldable to be ingested dy 
blood-sucking insects, According to Bernard and Bauche (1913) the yellow 
fever mostuito Stegomyia calopus acts as the internediate host. These in- 
vestigatowsswhile admitting that other species of mosquitoes might act 
as intermediate hosts of D. repens, found that S, calopus best fulfilled 
the naturai conditions for the transmission of the parasite, and their ex- 
periments were carried out with this specieso6f mosquito. They followed 
the various stages in the development of the larval nenatodes in mosqui- 
toes fed experimentally upon infested dogs. About 2 days after the mos- 
quito bas been fed the nematode larvae leave the lumen of the alimentary 
tract and penetrate into ‘the Malnighian tubules where they underco most . 
of their growth and dévelopment. By thé eighth day the larvae hay be 
found in some cases to have migrated itito the body vavity and thoracic 
tcuscles and the last stage of developrent in mosquitoes may be found in 
the proboscis as early as the n@nth day. Six young dogs (10 days old) 
were submitted to the .bites of S. calopus (fed 10 to 15 days previously 
on infected dogs) every sorning for fifteen days. Six young dogs of the 
same age were kept as controls, not exposed to mosquito bites, The bit- 
ten dogs all died within thirty days. Ecchynxotde spots were found beneath 
the skin at the points of the mosquito bites, but no filarias were discov- 
ered. ‘The other dogs all survived the é@xperinent. Under natural condi- 
tions the youngest dogs found infested with D. revens by Bernard and Bauche 
were at least a year old, hence the writers conclude that the develonrent 
of the paraspte is very slow. Although they did not succed in comleting 
their experiments by recovering the adult stage of the parasite in dogs 
following bites by infected mosquitoes it appearsrsafeitorctuctade thathion 
QO. zepthis is transmitted by mosquitoes in a ranner similar to that in 
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wrich D. immitis is transmitted, 


Acanthockeilonema perstans (Manson 1691) Railliet, 
Henry & Largeron, 1912, 


This parasite5occurs in man in tropical Africa and British Guiana, 
the adults in the intraperiétneal connective tissue and fatty tissue of 
the abdominal viscera and pericardium, and the first-stage larvae in the 
blood stream, The larvae exhibit no periodicity in their appearance in 
the circulation, the name perstans hawing referencé tp this fact, 


a 


Christy (1903) has suggested that Ornithodoros voubata may act 
as the internedizte host of Acanthocheilonera nerstans, Wellman (1907) 
has reoorted that the larvae of this parasite are taken up by Ornithodo- 
Tos moubata and according to his statements develop very slowly in this 
tick, advanced staces not being found until rore than two tontns after 
infection of the tick, The suggestinn wade by Feldnann (1905), }nfluen- 
ced by Bastian (1904) that the larvae of A: _perstans ray pass out of the 
body of the tick with its eges into bananas an@ afterwards be swallowed 
with this fruit by huvan beings is a wode of infection which requires 
no consideration as a possibility without more BO ae evidence Rito: 
has yet been advanced. 


Hodges (1902) observed Filaria larvae in the thoracic muscles of 
mosquitoes (Panoplites sp, and Stegomyia calopus) three days after they had 
been fed on perstans blood, Low (1903) was able in one case to obtain de~ 
velopment of Perstans larvae to the sausage stage in a irosquito (Taenior~ 

hynchus fuscopennatus) Fulleborn (1908,1913) obtained-a similar devel- 
opment in Anyiopheles maculipennis. Fiilleborn and Low obtained negatige . 
results with various species of mosquitoes,sand fleas, lice, and simulids, 


Acanthocheiloneza grassil (Now, 1907) Railliet, 
Henry & Langeron, 1912. 


The adults of this newatode oféur in the subcutaneous and in- 
terruscular connective tissue and peritoneal cavity of the dog. The 
larvae produced by the ferales are unusually large, about twica as long 
and thick as the average filaria larva, and according to Noe (1907,1908) 
do not pass into the blood strean as is generally the case aiong the fi- 
larias, Now assumed that the larvae are restricted to thé lymohatic sys~ 
tem, and accordingly. concluded that the intermediate host would most like- 
ly be a tick or similar slow feeding ectoparasite. In fact he found ne- 
watodeslarvae corresponding to those of A, erassii in ticks of the species 
Rhipicephalus sanguineus a tick of common occurrence in regions where the 
dogs are infested with the nematode in question. Furthermore he states 
that all of the ticks attached.to dogs infested with the nematode become ~ 
infested with the larval worms, Additionalyevidence that R. saneuineus 
acts as the intermediate host is that the larvae in the ticks undergo 
growth and development, at least one molting period having been observed 
between successive stages. As R, sanguineus is a tick which falls to the 
ground to transform fron. the nymphal to adutb stage the neéessary oppor=- 
tunity is afforded from the transzission of A. crassii froin one dog to 
another. Noe remarks that the nymph of this tick ingests large quanti- 
ties of lymph. The larval nematodes taken in with the ingested lymph 
penetrate the intestinal wall into the body cavity where they undergo the 
development nesessary before they are ready to be returned to the defin-~ 
itive host, after transformation of the nymphal tick to the adult stage. 
Noe believes that the dog becomes infected during the initial phaAse of 
attachuent of the adult, He also sugcests that adult males which unlike | 
adult females nay. .ass from one host to antoher are capable of acquiring 
infeétion From one dog and transferring it to cnother. He found as many 
as 22 larvae of A, zrassii in one wale tick. Noé is of the opinion that 
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the larvae escape through thin yortions of the cuticle of the ;outh parts 
of the tick and thus reach the final host in a way similar to that follow- 
ed by the larvae of D. inmitis and other filarias transmitted by tosqui- 
toes. 


Ti is of interest to note that Grassi and Calandruccio (1890} 
found larval seratodes in Rhinicephalus siculus (= R. saneuinevs) which 
they identified as the larvae of Filaria recondita (=_Acanthocheilonera 
reconditum). Noé thinkd that these larvae way have vbeen_A, crassii ra- 
ther than A. reconditun. 


Evidently further investigations into the life-history of A. sras~ 
Sil_ are uecessery before ticks can be aacepted as the intermediate hosts 
of this parasite. | 





Acarthocheilonera reconditunm (Grassi, 1890) Railliet, 
Henry & Langeron, 1912. 


This neamtode is a parasite af the dog and in the adulh stage has 
been collected from adipose tissue in the neighbivrhood of the kidnay. 
According to Grassi and Calandruccio (1890) the first-stage larvae occur 
in jhe dlood stream and ure the so-called Huaewatozoa of Lewis which “have 
been seen by uany observers, first by Eruby and Delafond (1843), after- 
wards by Lewis and others, pparently, however, the larvae seen by Gras- 
si and Calandruccio as well as those know as Lewis's haematozoa are in 

reality the larvae of Dirsfilaria repens. Grassi and Calandruccio des-~ 
cribes various stages of nematode larvae found in fleas, (Ctenocephalus 
canis, ©. felis, and Pulex irritans) and in w tick (Rhipicephalus siculus 
‘= R, sénguineus)as developmental stages in the life history of A. recon- 
dituz. According to Noe (1907} . 1908) the larvae found in R._sanguineus 
by Grassi and @alandruccio ee srobably those of Acanthocheilonema Gras- 
Bi. 








Owing to the confusion existing with reference to the identity 
of the parasites that Grassi ard Calandruccio studied the spectes to 
which the larval nematodes observed in fleas belong is unvertain. Grassi 
and Culandruccio's exseriments can not be considered conclusive so far as 
concerns the life history of &. reconditum. 


Setaria labiato-papillosa (Alessandrini, 1838) 
Railliet & Henry, 1911) 


The adults of this nematode are comron arasites in the ~jferito- 
neal cavity of cattle in various parts of the world including the United 
States. The larvae enter the blood strea, and Noe (1903) identifies cer+ 
tain larval nematodes found in Storoxys calcitrans as belonging to this 
species. That this fly actually serves as the intermediate host, however, 
renains to be proved. 
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The possibility is not excluded that Now mistook Habronema lar- 
vae for the larvae of S, labiato-napillosa. 


Oncocercas 


Several species of this genus of nematodes have been described, 
Oncocerca volvulus in the adult stake pecurs tin modular tumors beneath 
the skin of man in Africa. _0. gibsoni causes worm nodubes in the bris-~ 
ket and other locations in cattle in Australia. -Two species occur in 
cattle in the United States: one undetermined species is found in relation 
with the ligaments of the legs and neck, the other (0, lienalis) is found 
in the gastrosplenic ligament. Oncocerca larvae have not been found in 
the blood stream but nay be recovered fron. the lynph spaces in the netgh~ 
borhood of the adult worns, The intermediate hosts of these parasites 
‘are unknown but biting insects have been susnected, The results of ex- 
periments have been negative, Brunpt (1903) has segeested the possibil- 
ity that Glossina palpalis acts as intermediate host of QO. volvulus, 


Other nematodes, 


Different investigators have recorded the occurrence of larval 
neuatodes of unknown species in various insects, Usually these have been 
very poorly described and it is. questionable in uany cases whether if 
found again they could be recognized as the sane forr.s. Some of them 
may be the larval forms of netsutodes whose adults are already know as 
“parasites of higher animals, Among such larvae of uncertain identity 
nay be mentioned Filaria geotrupis in the abdominal cavity of Geotrypes 
stercorarius ( possibly the larva of Physocephalus sexalatus), Filaria 
ephemeriderum in the abdominal cavity of the larvae of Ephemera vulpata 
and Oligoneuria rhenana, Filaria rytipleurites (of Magalhaes, 1900, not 
-Deslongchamps, 1824) in the abdominal cavity of Periplaneta americana, 
Filaria stomoxeos in Stomoxys calcitrans (possibly a Habronema larvag) , 
Mastophorus echiurus and Cephalacanthus monacanthus in Tenebrio molitor 
Corobably larvae of Protospirura muris), Mastophorus globocaudatus and 
Cephalacanthus tyiacanthus in Geotrypes steroorarius (possibly larvae of 
Physocephalus sexalatus), 


Mermithidae,. 





These worms which resemble the nematodes and are usually group= 
ed with them are not known to be of importance in medical zoology. One 
species of uncertain identity is of interest however, as it is the so- 
called "cabbage snake" whose presence among the leaves of cabbage has 
alarmed people who have mcountered it, This worm like others of the 
same family, undoubtedly passes through a ramtion of its development in 
the body of an insect probably one of the coznon caterpillars that attack 
cabbage, Similar worms have been found in apples, 


GORDIACE&, OR HORSE-HAIR WORMS, 


The Gordiacea or horsehair. worms (as which they are popularly 
known frou: the superstitious belief that they are animated horse hairs) 
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are of medical interest because several species have been recorded as 
parasites of mb. They sain ee to the alinontary tract by boing 
swallowed in drinking water, The adults are of not uncommon occurrence 
in s-rings and other surface waters. When owollowed by numah beings 
they ure usualiy soon vo.wited up but they uve in some cases warnarently 
survived in. the intestine Por several .u:onths before they were finally 
expelled. in some species and srobably in lly insects werve «s nosts 
for the larval stages, The «dults uerosit their eggs in the water in 
which they live. The lutvéé-nutching from the oggs exter aquatic insect 
larvae, which nay liter ve uevoured by carnivorous,.water insects. In 
the litter the worms Enderee peste ghd TA tetas until they ave reached 
or ucproached uvturity when t.gy purst cut of the infested insect and’ 
escape into the water. Tac rqloowing species of Gorgiacem Have been 
recorded us «¢tidenial parasite es of man: Gordius uguaticus, G. chilensis,.. 
Paragordius variue ( u common Anerican s:ecies), Puracordius Tricuspi~ 
datus, Par rachovdodes. ti tolysanus, Purachordodes violaéeus, Parachordodes 
nustplosus, and Chordeses“akpestris. 





aCANTHOCEPHADA OR THORN ~- HEADED WORMS. 


This wighly eatdlize d ar our of parasitess commonly classified 
in the Newathei imdinthe s, with which it has Little ix common bevond aa 
Bereich) ‘regenblancé ‘iitige genercl shape of the body, has been 
but little studied, uiosé of the known species are parasitic in birds, 


ey " Macnagan thor rhyrchus :irundinaceus (Pallas, 1781) Travassosy 

This wortg° in the. adult stage (sometines eeitad: the giant thorn-’ 
headed worm.) is a coumon parasite of the intestine of the pig und is 
said to occur-as a parasite ofuman along the river Volca, Its eggs 
nass ous of the body of the host in ‘he feces, Swallowed by certain 
insects (larvae of Mololontrim vilgavis, Cetonia auzata, Lachnosterna 
atcuata, and Diloboderus: aode. 0s the eggs hasch, and the larvae develop 
into an intermediate sftace, whicna ay turn completes its development to 
naturity when thé infesied erub is aten by a pige 


i 


—. 


Moniliforis S s moniliformis (Bretser, 1819) Travassos, 1915. 


~~ 


This parasite in its aduit stage (some titres called the beaded 
thorn-headed worm) is of common: occurrence in the intestine of rats and 
other rodonts in tropical and subtropical. recions, and sas been found 
in man in Italy, THe life cycle is similar to that of the giant thorn- 
headed worm oxcept for the difference in hosts, Accordine to Grassi and 
Calandruccio eas Blaps munvonara —CtS ~S uN Liermediate host. 
According to Macalhass wud also tae ease the usual interzediate 
host-is u a (Periplenodg, ter h 
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COMPENDIUM OF PARASITES ARRANGED ACCORDING TO 


INSECT HOSTS: 


Coleoptera: 


Acis’ goryi 
Spirocer ca_sanguinolenta 


Acis spinosa 
Hymenolepis diminuta 


Aphodius castaneus 
Arduenna strongylina 








hp oaiee Raia nenene te 


Gonevionema scutatum 


Aphodius fémoralis 
Gongylonema scutatum 





Achodius fimentarius 
EA ine scutatum 


Aphodius eranarius 


Gongylonema scutatum 


“dphodsas’ vittatus 
: Gongyl onema scutatum 


j oe sp» (near appendiculata) 
Spirura gpastrophila 


Blaps. mucronata 
Moniliformis moniliformis 





Blaps strauchi 


Spirura gastrophila 


Cetonia aurata 


Macracanthorhynchus hirundinaceus 





Copris hispana 
Spirocerca sanguinolenta 


Diloboderus abderus 


Pale 
Onitis 
Va ww el 


Geox types douei, cont. 


Spirocerca sanpuinolenta 
Physocephalus sexalatus 


Geotrypes stercorarius 


Cenhalacantinie triacanthus 
Filaria geotzupis 
Mastophorus globocaudatus 


? Physocephalus sexalatus 


Gyrfopleurus mopsus 


? Gongylonema mucronatum 


Gymnopleurus sturmi 


? Gongylonema mucronatum 
Spirocerca sanpuinolenta 


Ilybius fuliginosus 
Haplometra cylindracsa 


Lachnosterna arcuata (naceus 
Macracanthorhynchus hirudi- 
Melolontha vulgaris (naceus 


facracanthorhynchus hirudi- 


Onitis irroratus 
? Gongylonema mucronatum 


Ontherhacus spr. 

Onthophagus SPP» 
Arduenna_strongylina 
Spirura gastrophila 


Onthophagus bedeli 


? Gongylonema mucronatum . 
Physocephalus sexalatus 


Onthopkagus hecate 
Gongylonema ssutatum 


Macracanthorhynchus hiruadinaceus Onthophagus nebubsstsxsiatus 


Geotrypes douei 


? Gongylonema mucronatum 


Physocephalus sexalatus 


Onthophagus pennsylvanicus 


Gongylonema scutatum 





wt ZS. 


Coleonters, : 






Scarabaeus (teuchus) sacer Scavurua striatus 
?Gonevlonsne evoron..tum Bvpenoleris dimi r 
Chi is Hynenolenis diminuta 
eens. helus Se So Ac J 4 Ses 
Scirocsre:. sarcuinolonta Tenebric rolitor 
vephelacir otras monacanthus 


Soarabscus Bae retbotgsts 





Oeics U2 aS ticur 
eh aes a sexatlatus 1 ivy Seer) 





LS dirinete 
Sh ee ey ee OTT. a ee in 
neuLtnolents itive snolavis mwicrostora 


Rattan SEL 


Water bestles : 
PLouros renes he 41g 
to 


Prodo Feet 


Asovica farim lis z 
Uwienole-is gdisioute hy irocen pa 


, Treic tods 


Anopheles bifurcatus i ?Chrysops dindidiata 
Peifori Pia, Aeitig *. Fileria (los) Loa 


aa & 





Anosheles cluviger GS hoc es longicornis 
Trauetois .. di Malaria (Loa) loa 


ee ees maculiran is Suleaz alho ictus 








feamthocieilorsia  srstiuss “Aluria bancrofti 
_Gacon Lat fevlo t 

Dirotilurio isitis Culse« futirers 

ers = tbat Poa Peluria ee 
ee ea Filaria nbilipcironsis 

Trsactods ; Treiuatode 


; Tax cenltaug 
Anopheles rossi Ovlex gcolidus 
Trarautode {ieria bancrot ti 





Chironouus clu: osus eed iglurias 
Lecitbodenci rs wia rirofilzrig inmitis 





Carysors $i... Culex penicillar 
Filurio (Tio:,) loa | Dirofilauria rT 


Ane 
: raqnis ae - fe fons 
?Chryso..5 cacturionals (ylax clrlans 
Sets am a ee 
Fiieris, (oz) low ipo ilris tuisitis 
T4laric bencrof ti 


Diptera: 
Culex sitions 
Piluria be crofti 
Culex siusei 


Wilaris bancrofti 


wansonia anrulipes 
Pilaria bancrofti 


inser unifor:is 


FPiluri: benerofti 


busca domestica 
Choanotéienia infty moAibul yr 
ee SE Le 
Hebron2ue nuseae 





wyzoryiu rossi 
Fileria baxccrofti 
hy 2ouyia SUCGrY icta 
Dirofilaria dieitis 


wyzornynchus burbirostris 


Filsria bancrofti 


l.y2ornynenus paditacniatus 
Piluria« bencrof ti 


“WY 20rnyncis Lseusopictus 
Dirofiluria invitis. 





lyzorhynchus sinensis 
Fileria bancrofti 


Panoplites sr, 
Acantnoch:2i] onera oerstuns 


(incourlote develo ment) 


Pyretorherus costulis 
Filoria bancrof ti 


scutonvia silbolin: ta 
Filaria hannrores 


Stecomvia calouus 
feanthochcilonoma ters tans 
(incormlate devwolowaent) 
pro CEivofilerjanr repens 
Filaria bancrofti 
fitaria demuravevi 


(inconvlete develo-nent) 


Steconvia crecilis 


Pilearia bancrofti 


Stomoxys cal¢citrans 
tiluria stozoxeos 
?Haoroners ivuscae 


?Seteria labiuto-varillosa 





Tacniorhynchus do:esticus 
Pilaria barcrofti 


Tasniornvyachus mide penn t 
Acs: ithoch2ilonons nerstens 
Se Co ER oc sil Onen cw 
(inex velate dovelo:rant) 





Aphanip tera: 


Ceratonavllus fascietus 
Uvwenoleris dimisuta 
SIS SeGrnampserineeemee, 


?Hyt enole:ig nen 


Ctenocethzlus canis 


PAcanthocheilonens reconditur 
ee a Peconi atu 
Dinylisivi: caniniic 


Hymenoleris dininuta 
Anne. 





Ctenoc2shalus felis 
PAcanthochsilonars, recondi tur. 
Fn Anat AOI SN 


Dirvlidium chininun 


Pulex itritans . 
Theanthockscilonwaa reocondi tur 
Ditviiaiunm geninun - 
in wou té, 








wn 


--: 


Pi vay * Email eq 
£GaCOLia EGorvosia 








Chuetopteryx villosa 
fA bocresciwuy isonorum 


fTOsisthiosiyene rastollus 
ee er retin tte _—_—_— 


Prusus trividus 
Treritoie “> 












‘ 
wo! fo x ~ tye . Bat BAG, cot aga 8 
ae el — <a A a ene ~— 

e : : ’ pe eims “pie a Bm RE Deed 
SOT etimeocue TiC SOY LETS LS 
einares. cewek: V7 wwterenvret! be male ryan enced: Papen 


@. i =) 





Ly ~ ” sean 
Wilts 1un2tus 


Linnor 








Linnoohilus rhrombicus 


ay 
~~ es an? ox 
Be ‘ellus 
~——~ ee 





: Veuropt 


oT 3 te Ane She 
MmVSTACIaA3S mle 


7 en Bie 'S 
LTen a toce 


hotitouse cilisr 


Tromatode 





Phyacornila nub 


re rxy 





ghilosto: uy 
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Orthoptera: 

Aeschna Calopteryx. virgo 

Progotocus confusus Halinegus ovoceudatus 

Pneuwonoeces similis | 

Agrion nna aren 

Corgodera pagenstecheri Cordulia 

Gorvoders varsovi2nsis Crosotecus conrusus 
toe an PR a it a ee 


Plevrogones medians 
Bpheresra vulsuta 
Anisolabis annulines Allocreadius isovorum 
Hymenolepis dinimnts Fileria ephorerijarum 
?Ovnisthioclyphe rastelius 








Blattelle zerrfunica 





Goneylonemsa néeovlasticum Evhencridée 
Gongylonsis scutatum - Lecithoicontrium e5cicia 
a aaceeteempeear ee een ee rn er 


(exvorinental infection) 


Olisoneuria rherina +3 Peripluneta orientalis 
: Tiluria evhemeridarum Goneylonerma noorlasticum. 
?Spirocerc& sanguinolentu 
Periolansta ar sricana Scipura gustrorhila 
ilaria rytioleuritas 
Gongyloresa neoclisticum Perlidia 
Monilivorvis poniliforivis Lecithodendrivm uscidia 


Myrionoda,. © 





Fontaria virginiana JulUS SP. 
ivrenolepis diminuta Ugwsnoleois diminuta 
Gloneris limbata Julus euttulatus 
. Taseworm larvae Nematode larva 
Acarina? 
Ixodes ricinus Rhipicerhalus sancuineus 
?Filsria martés those on eaten ore.ssi 


Thcanthochcilonore reconditum 
Ornithoioros moubata 


tAcunthocheilonans verstens 


Porcellio léevis 
TAeusria nusuta 


° Included in list because of their similarity to insects. 


~BEY 


Ashburn, ?.M.,& Craig, Charles F, 
1907, ~~ Oudanva tions upon. Bilaria philippinensis und its uevelopient. 
in the acters? pan tiB ins J, Sc., Manila, B Med, Sc., ve @ 
(1), Mars, spi l » ple 1-7, figs, 1-26, 


Baldassaroni Vincenzo, 
1903.--"Ixodes ricinus" L, infetto ua webrioni ui Filaria, Bull. 
Soc; Entom, Ital.y vol. 40,. (3-4), luglio-dic, 
1908, 5 .°171=174, - (Issued 20 “28c, ) 


Bancroft, Thomas L, 


1901, -- Preliminary sotes, on the ixntarmediate host of Filaria imitis 
Leidy, J, Tron, M.,, Lond., vol, 4, Oct, 15, pr. v47-349, 


Bastian, H, Charlton, 
_1904,.-~ Notes cn the urobable uode of infeétion cf the so-called 
Wilaria porstans, und on the yrobability that this or: anisr. 
really selongs to the-« enus .Tylenchus (Bastian). Lancet, Lond 
(41965, We, LOO, Va (5); - Jen. 20, ~o. 286-287, fics. 1-3,, 





Bernard, P. Nol ‘und Bauché, J, 
1913,-- Conditions u& prorac ation de la filariose soud-cutanes uu 
‘chien, +: Steromvia fasciata sote interrediaire ue Dirofilaria 


repens. Bull. Soc. le Path, Exot.4Par.., Volyoo; .(1)) Jan, o6) 
pp. 89-99, Sigs, 1-9. 


ee 





Bruupt, Hnile, ; 
1903.-- Du role ues wouches tse-tse en  utholosie exotique. 
Commt. rend, Soc. ue ciol., Par., voD,s 55° (34), 4 Dec., 
pp. 1496-1498. 


Bull, Lionel 3B, 
1916s fA ) paridl ons tous -ffection vf tre .orse--habroneiic -ranulorata 
(cite cts sabronemiasis of Railliet), Journ. Cour. Puth, and 
cweree MANO, ie) LONde, VOL. (29, No. ow, Sent, 0, pp. 187-199 
$308 / 15 is roe . | a ; 


Christy, Cuthbert, 


1 1903.-- The uistribution uf slecping sickness, Filaria perstans, stc., 
in’ Nast Equatorial ‘frica, (Preliminary rerort uated Oct. Zl, 
1902). Roy. Soc. Rep, Sleep. ~Sick, Cort», Lond. (2) Mov., 


pp, 3-8, 3 waps, 


Descazeaux, Jd, 
1915,-~ Contribution . l!etude de 1' "esponja" cu plaies dlete Jes 
equides du Bresil. (Ramnort ue Railliet, xe«xl 17 juin) Bull, 
Soc. Centr. ce Med, Vet., Pars, vol. 69, Jan, 50, Sept. 50, 
pp. 468-486, figs. 1-3, 


~389- 


Deslongchamps, Eugene Eudes: 
1824,~-- Filatza, Eilaria. Encycl, methodique, Par., v. 2, pp. 391-397 


Dutton, J. Everett. 


1905,--The intermediary host of Filaria cynseli (Annett, Dutton, Elliot} 


the Filaria of the African swift Cypselus affinis. Thompson Yates 
& Johnston Lab. Rep., Lond., nis.) WV. 6, (1) Jane, pp, 137-147, 
pl. 5, figs. i=. 


Feldmann, oe ee Y . 
1905,--Ueber Filaria perstans im Bezirk Bukoba. Arch. f. Schiffs-u, 
Tropen-Hyg., Leipzi, vo. 9, (2) Feb., pp, 62-65, 2 pls. 


Fiberger, Johannes; & Ditlevsen, Hjalmar. ks 
ape citar hah to the biology and morphology of Senet 
ylonema) negplastica.n. sp. 28 pp., 3 figs., 4pis., 32 figs. 
“a. Kbenhavn, (Reprint from Mindeskr. f, Japetus Steenstrup, v. 
25 (28). ) Pray. : 
Fulleborn, Friedrich, 
1908,--Usber Versuche an Hundefilarien umd deren Ubertragung durch Mi- 
cken, Beihefte (8) z. Argh, f. Schiffs-u, Tropen-Hyg., Leipz. wv. 
12, Nov., pp. 313-351, (43 pp.), figs. 1-6, pls. 1-4, figs. 1-38. 


1908,.--Untersuchungen an menschlichen Filarien und deren Ubertmagung axf, 
Steéhuticken. Beihefte (9) z. Arch f. Schiffs-u. Tropen-Hyg., 
Leipz., v. 12, Nov., pp. 357-388, (36 pp.), figs. 1-3, pls. 1-7, 
figs, 1-132. “ 


1913.--Die Filarien des Menschen, Handb. d. rath Mikroorganism. (kolls 
and Wassermann), Jena, 2 Aufl., v..8, pp. 185-344, figs, 1-41, 
pls. 1-6, ON 


Galeb, Osman. 
1878,---Observations et experiences sur les migrations. du. Filaria rytip- 
leurites, parasite des blattes et des rats, Compt. Rend. Acad. 
af sc,,-Par.,-v..87, (2), 8 juillet, pp. 75-77 


Grassi, Giovanni Battista, 
1887,--Entwicklungscyclus der Taenia nana. Dritte Prdliminarnote. 
Centralbl, f. Bakteriol, (etc.) Jena, 1. J., v. 2, (11), 
pp. 305-312, 


L 1888,--Ciclo evolutivo della Spiroptera (Filaria) sameuinolenta, 
Gior, di Anat., Fisiol. e Patol. d. Animali, Pisa, v. 20, (2), 


Mar.-Apr., pp. 99-101. 


Grassi, Giovanni, Battista; & Calandruccio, Salvatore. 
1888,--Ueber einen Echinorhynchus, welcher auch im Menschen varasitirt 
und dessen Zwischenwirth ein Blaps ist, Centralbl, f. Baképriol. 
(etc.), Jena, 2. J., v. 3, (17), pp. 521-525, fige. 1-7. 





(oar 


a ? dite |W 


1890;-- Ueber Haeratozoon Lewis, Untwickelungscyklus einer Bilaria 


rozo00n 


(earaegs racsnds te Grassi) Jes poe Centralbl, 


a 
chose f < 
teriol, (etc), Jers, vol. 7, No, Vast, Jani 27 trie LB-26, Se 


OS 9 Ca 


. 


. 


Gras€i, Giovanni Battista; und Ravelli, Guiseppe. 
1888,--- Intorno allo svilupro cestodi. Nota preliminare Atti r. 
Accad, u» bineei, Homa, Rendic, an, 285, 4. «., vol. 4, No.l, 
penestre No, 12; June 3, --iucno;..4.. 720-702 
10388,-~ Bandwiricerentwickelung. Centralbl, f£, Bakéwpriol, (etc.), Jena, 
Ae “Lines vol, = No, oo be Ly ee 
1889, ~-Sviluppo del sisticerco 9 wel cisticercoide, Nota ,relininare 
cad. uw. Lincei, Rona, Rendic, un. 286, <4 u-, Vol. 
tre,-No, 3, Feb: 3, x. 165-174, figs, 1-4. 


1892,-~ Ricerche enbrioloziche sui cestodi., Atti Accad. Gioenia di 
SOs, Neate: in Catanis eels Sie «ebook cite a Vols. 4.J0ebe 
108 coe #4 cis, ‘ ¢ ’ 
Gruby, David, Delafond, Henri-~l’ai.ert-Onesius. 
1843,=+ Note ‘suv une‘ lteration veriineuse du sang d'un chien-deter- 
minee par un zrand noiwbre d'hematozeaires du jenre Zilaire. 
Coimt.) Rend. Acad, Sc., vol, 16, No. 6, Feb. 6, ~,. 325-326, 
Miter 18+, John , ' 
1916.—— Mor-holocy of udult —nd erect cestodes Fron coulexy Trijeeee 


- 


jer, soc,, Decatur, Dit. vols so, No ii. Jat y Dpa ae=44, ade; 
5+8, wi fS» ee ~S0, ‘ PG 


Hod.2s, Aubrey. 
1902.--Sleeping~-sickness und Filaria Yerstans in-Busoga end its weigh- 
borhood. Uganda Protectorate, Journ, Tron. Med, Lond,, vol, 
OT tie? 2 SOc tz 2 ore o9G- "500 1) aD dk gta. Sics, 1- 
Hohnston, T, Harvey, 
- 1913,-- Notes on some Entozoa. Proc, Roy. soc. Quveersland, Brisbane, 
Ss 


vol, 24, wz. -$3-91, pls. 2 -5, figs. 1-45. (Advance serarate 
issued Nov. l, Reda fal t . 


Joyeux, Ch, : : 
1916.-- Sur le cycle evolutif de quelques Ligh) Notesprelirinaire 
ulna, denwPaths (ixote, (Pars, vol. 9, No, 8, Oct. 11, rm. 


578-583, ae ef 


Kleine, F.K,., : 
1915, -- Die Ubertragumg von Filarien durch dtysops , tschr, ff, Hyg, 


wu. Infektionskrankh., Leipz., vol, 80, No. 3, Oct, 26, pp, 
345-5495 


~391-~ 


Lebredo, Mario G. 
1904.--Filariasis, Nota preliminar deducida de experisncias practicas, 
que demuestran el sitio por dord: larFilaria nocturna abandona 4 
Culex pipiens infectado. Rev. de Mead. Trop., Habana, v. 5, (11), 
Nov., po. 171-173. 


1905,--Metamorphosis of Filaria in the body of the mosquito (Culex pipé 
ens). J. Infect, Dis., Chicago, Suppl. (1), May, Pp. 332-352, 
pls. 1-3, figs. 1-6. 


Leiper, Robert, T. 
1913, ~--(Metatiorphosis of Filaria loa). (Telegram to London School Trop, 
Med. Dec, 27, 1912), Lancet. Lond. (4662), v. 184, v. 1, (2), 
Jan. 4, p. Sl. ta 


Leuckart, Kavl Georg Friedrich Rudolph, 
1867,--Die menschlichen Parasiten und die von ihnen herrthrenden Krank~ 
- “heiten, Ein Hand-und Lehrbuch fur Naturforscherrundg Aerzte, v, 
2, 1. Lief., vi 4 256 pp., 158 figs. 8°, Leipzig & Heidelberg, 


von Linstow, Otto Friedrich Bernhard, 
1886.--Ueber dén Zwischenwirth von Ascaris lumbricoides L., Zool. Anzsp 
Leipz. (231), v. 9, 30, Aug., np. 525-528, 





Low, George C, ax 
1902,--NOtes on Filaria demarquaii, Brit. M, J,, LOnd,, (2243) v, 1, Jan. 
25, pp. 196-197, 


1903,~-Filaria perstans. Brit. M. J.., Lond. (2204 ), v. 1, Mar, 28, 
pp. 722-724, figs. 1-2, 


de Magalhaes, Pedro Severiano, 
1900, ---Notes d*helminthologie bresilienns, Arch. de parasitol,, Par., 
v. 3, (1), 15 mai, pp. 34-69, figs. 1-25, 


Manson, (Sir) Patrick, 7 | 
1878,---On the development of Filaria Saneuinis hominis, and on the mos- 
“quito considered as a nurse. J. Linn. Soc,, Lond: | Zools (%5), 
ve 14, Aug. 31, pp. 304-311, 


Marchi, Pietro, . 
1867,-- Monorrafia sulla storia genetica e sulla anatomia della Spirop~ 
tcra obtusa Rud, 34 pp., 2 pl. fol. Torino, (Advance separate 
from Mem. r. Accad. d. se. ai Tprino, cl. d, sc, fis., mt. e 
nate, 2. S., Vv. 25, issued in 1871), 


Melnikov, Nicolaus, | 
1869,-~ Ueber die Jugendzusténde der Taenia cucumérina, Arch, f, Naturg., 


Berl oy 3d, rt ’ Vi 1 9 (1) ? pp » 62-70, Ths 3, figs, a~C. 





5 ~392— Pay ; ‘gt 
lickerson, Vs &} Sy eg ee. 
1911.--An ret pict nm intarn aH. te. host for Hy. mn¢loois diminuta. 
Memeo, Wy Lagi tySyn (O40) Vs 24, Fab. lee Deca ths 


Nicol 1), ie ; ¢; Wine in yy ‘ i <. 
i 


let, -= Two ag of oystiourer dds, fro. the rteflo. (Corztopryllus 








3! 
f..sciv tus)... Proce 200) « Nees Send. gibi eT sy) DB. 9-13; 
Divs. 12 yeni ke 4 ak 3 


Noe, Giov..nni. 
. 1900, ~-Fropiguzgione delle fil rie del senmue esclusivinents por 
“ fez20 i21le puntur.. dalle zanearo. (2, Nots vrelininare, 
Atti r, Aceud, a. Linesi, Rers.. Rondic. cl, di sce. fis., 

Lin. mat; ie Ngt.4 ums BY7, 5oS0,.¥y 9, A. s2restre (12), 16:dic., 

ae. | pp. 357-462, figs. 1-3, . ao 


i " ,4 : > . 1° vee : ae eae 
1905.--Studal sul cicld avolutivo dasll.. Fil ric lobisto-p-rillos., 
A ieee tay TY elim are yah ttisreyhccotd.) a. Lincs, 


essindrir 
ndices , ‘ le Os We Dey 


+S. nts ~ 
a FLts{hck , Ny % oF 








Ler Ovipilo Filericarecontite, Greser, 
Rati prsliminurs, Atti rs. Accud. d. Linesi, Roun, Raniic 
SP reliant iacey, £45) .o tabs tens teyoons | 304, 5,80, —% 15, 7s 

ye gemestre (12) ,"15 dicey 83 806-810, _ ? | 


- 


1$08,--I1 Miclo svolutive alte ‘Fil ric ersesii, minh 
AUG te hCG. te sick Rolie s 0 DU ice 
Bees i aGeyetle COD, al Say. Va ol?) ods Somememert) uae 
BBs, 282x293, Liss. 1b, . 

Be men 


‘We arore'sm 





eye 


Pieric 5 Giov nti ps. iy ’ a ean hoe 
1897,<-Osservazioni sul Dispher gus ncsutus Rud. doi nelli a sulle 


° ‘ 
larvae) nome toclmintichs delin seecns.e-dsigorc:l lien, 
Atta Soca) itel.s dipseumidiealates), Vilamo,) vy.u8 (se) 


ma Wa : is 5 ee on€ nr Se: Ae eee "wy 
TED s so Oe e7 3g- =262, L LIES e A ae 


Runsom, Brayton H. 
191l1.--The lifs hi Yaak | 
Sas’ fe Sci INCE , Ny me , The Ss (881) , Ve 34, : Nave i; eee . H9WHOB 


te 
¢ 
et 
ee 
re 
ba | 
U. 
fe 
ct 
a) 
Q 
~ 
~ 
iis 

é 

1 

{ 
ha 
23 
FS 
c 
ay 
Ks 
cS 
o 
Q 


> 
-« 


Peis reelos Lite History oi Ucbronth., wusceo (0 ptwk) pes Er 
of the horge trans itteas by. tha.honae Ely. 

aay tae ae TY “a see ; 

vet we| ia ‘Bulli E634; ‘Bor 2: oN, Ania Indust. ) De metebicgs tik Ds fu LAS» ’ 
Wi Jsh ° , fpr .. Wy pV ° 1-36, Lig Se 1-41 bad 





Ransom, Brayton H.; & Hill, Mi.urics C, 
Lif 


‘ 
ag ' 


Dit gael Pi uaie sabi Nita tp ke Sery de. on et ae 
1915,--Ths history ci Congylomim.. gow! tu, Jd. or sitel., 


Uri ricy years Ve. 1 (4), if pues cite ede a 


es SE 


~O9Se 


1916---The life History of Gongylonema scutatum, J. Parasitol., 
Urbana, T1l,, v. 2,. (2), Dec., 1915, pp. 80-86. 


1917,--A further note on the life-history of Gongylonema scutatun, 
J, Parasitoil., Urbaha, Il1l1., v. 3, (4), June, pp. 177-181. 


Ringenbach, J., & Guyomere th, Sane 
1914,--La filariose dans les regions: de la nouvelle frontiere Congo~ 
Cameroun. Ovservations sur la transmission de Microfilaria di- 
urna et de Microfilaria perstans. Bull. Soc. de path. exot., 
.-Par.; ve 7, (7), 8 Juillet, pp, 619-626. 


Seurat, L. G., ue 
1912,--Sui le cyele evolutif du sprioptere du chien, Compt. rend, 
Acad. d,s ds sc., Par., v. 154, (2), 8 Jan., pp. 82084, 


1912.--La: grande blatte, hote intermediaire de l'echinorhynque ronili- 
forme en Algerie'y Compt. rend. Soc, de biol., Par., v. 72, (2), 
19 jan, ? Dp cu 62-63. es ey ‘ 


1913,--Sur l'evolution du Physocephalus sexalatus (Molin). Comot, Rend, 


Soc., de biol., Par.;, v« 75, (35)4 12, dec., pp. 517-520, figs.1-4! 


1913, ---Sar L'éevolution du Spirura gastrophila Mtl. Compt. rend soc. @ 
biol., Par., v, 74, (6), fev,., pp.’ 286-289, figs. 1-3, 


1916, --Contribution a l'etude des. formes larvaires des nematodes para~ 
sites heteroxenes, Bull. scieht.-de la France et de la Belg., 
Par. & Lond,, 7, 6., v. 49, (4), 6, Juillet, pp. -297-377 fee 
1-14, 


von Stein. Friedrich. LA De pens 
1852,--Beitrdge cuz Entwickelungsgeschichte der Eingeweidewlirmer. 8t- 
schr, f. wissensch. Zool., Leipz., v. 4, (2), 2, Sept., pp.196~ 
214, pl. 10, figs. 1-<0, wey 


Villot, Franccis.-Charies<-Alfread. 
1878,.-.Migrations et metamorphoses des tenias des musaraignes, Ann, 
d. sc. nat,, Par,, zool., v. 49, 6. s., v. 8, (23), aré, 5, 
19 pp., pls-11, figs, 114, 


1883.~--Memoire sur les cystiquew des tenias, Ann. 4d, se. nat., Par., 
z0ool,, 6. S,, v. 15, art, 4, oct.,'6i pp., pl. 12, figs. 1-13. 


Welluan, Frederick Creighton. 


1907,~-Preliminary note on some bodies found in ticks Ornithodoros 
inoubata (Murray) fed on blood containing embryos of Filaria 
perstans (Manson), Brit, M. J., Lond (2°429) , v. 2, July 209, 
pp. 142-143, | : 


BUREAU } OF ENTOMOLOGY 


t re E. 
Rachatessnt inate aes 


hil 
hehe diate 


PROCEEDINGS OF T FE CLASS FORMED TO STDY THE ENTOMOLOGY 
OF DISEASE, HYCTENE AND SAN!T) TION, 
ANDES 6 
Prepared bt; JL. Webb, 
Abseess, 116 Ane sthet boa +ZONns ; = “102 
Absolute fatal temperatures, 93 Anesthetic zone, 103 
Acanthocephala,: 382, 


Animal organisms transmitted by mos-~ 
_ Acanthocheilonema grassi, 377,379 quitoes, 139 


3230, <387 Anisolasia plete LL 364, 387 
a verstens, 199,378 ES ag Lis cone 
37¢,384,38€, 387, aitkeni, 193. 
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334, 
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costalis, 195,196,197,199. 
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Amoebina, 13. 

Anabolia nervosa, 367, 386, 
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4 ruber kicelimsis, 124. 
Nn scharferi, 124, 
" Septicus,agrigenus, 124, 
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Baleri, 261,261. 

Bartonella bacill 


Bath trains for de 


Bed bug, 
tt " 


93,168 abe 


and other 
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Biolo~ital rotes on the blood suckin- 

flies, Lecture. No, 22, 277. 
Biology and habits of Boece flies, 

Lecture No, 20, 267. 


Biskra,sore, 262. 
Biting species of Musca 281. 
Black blow fly, 173,319,320. 
Biaps, 383. 
" mortieaca, 12, 364. 
© - amcronate, 382,383. 
strauc 370,383. 
Blatella gerranica, 364,370,371 ,387 
Blood sucking larvae, 330 
Blue bettle flies, 152,173. 
"Blue "Louse" 309 
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Canthariasis, 12. 

Carassius auratus, -253, 

Carbuncles, 125, 
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Cattle lice and their control, Lec- 
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. %W ! tick and climatic laws, 143, 
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Cephalomyiasis, ll. 
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Chagas fever, 343. 
Chaetopteryx,villosa, 386,387. 
Chart showing the zones of life re 
actions to temperature and rel- 
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Cheese maggot, 327. 
Chelidon urbica, 192, 
Chemical sprays, 21, 
Chicken tapeworm, 137. 
Chigoe, 291,305. 
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Choanotaenia infundibulum, 136,363. 
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4 japonicus, 257, 
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Coccaceae, 115,257. 
Coccobacillus, 88, . 
Cochlionyia macellaria, = = Chrysomya, 
Cockroaches, 173,177. 
Colunba livia, 258,263, 
Corsion flies and how to tell them 
apart, Lecture No. 15, 214, 
Congo floor maggot, 317,341. 
Conjunctivitis, 50. 
. phyctenular, 29,30,237, 
Conky ee measures for bed bugs, 349, 
-of flies in barn yards, pig 
péns and chicken yards, Lece 
ture No, 14, 204. 
" of the house fly and related 
flies, Lecture No. 12, 180 
" ‘of insects likely to affect 
the health of man and animals 
in cantonmentsareas as practi- 
ced at Fort Worth, Texas, 211, 
Comfort zone, 109 
Cootie problem, a synopsis of Lecture 
Nov i7,; 2oS. 
Copris hisoena’ 369,383, 
Cordylobia anthropophaga, 324, 338. 
" - podhaini, 325, 
Cordulia, 368,387. 
Cricetus, 287. 
Crithidia calliphorae, 132, 
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™ hystrichopsyllae, 283, 


. melpphagia, 262. 
' Iascae-domesticas, 132, 
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Croton bug, 183. 
Cryalgesia, 100 
Cryestzesia, 100 
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nm wnemorosus, 198 
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Cyclopoéa avikesi, 262. 
Gynomy ta, 329. 

cadaverina, 154,173. 
Cypselus aifinis, 377. 


Da¥ainea cesticiilus, 137. 
* tetragona, 137. 
Demodex, ll 


287,288,289, 
290,295,297, 364, 380, 385. 


Dengue, 22,85,188,800,226. 
Dermacentor andersoni, 1l. 


vermstus,11,12. 
Dermal myiasis, ll. 


Dermatitis, 28,29,291. 
4 pustular, 236. 
Dermatobia ne minis, 7, 11, 824,336. 
Dermatovhilus penetrans, 291,295, 
. 2982305. 
Dermatosis,. 7, ll. 
Diarrhoea, 25, 86. 
Diloboderus abderus, 382,383. 
Diphtheria, 120 
Diplobacillus exanthematicus, 32 
Diplecoccus gonorrhoeae, 116. 
2 intra-cellularis meniggi- 
tidis, 30,50,116,. 
st pemphigi, 28,53,237, 
Dipylidium canium, 28,287,294, 363,364, 
396. 
Dirofikaria inmitis, 199,375,377,378, 
3 80,384,385. 
n repens, 199,378,380, 385, 
Diseases borne by nonbiting flies. 
Lecture No. 8, 11, 130 


u carried by fleas, Lecture 
No. 23, 285. 
" transmitted by blood sucking 
flizs. Lecttre No. 19, 256. 
" transmitted by meals) 


Lecture No. 13, 187. 
Disposal of dead bodies, 21 
Dourine, 260,280,281. 
Drainage systems, 2l. 
Drosophila confusa, 133. 
Drusus trifidus, 367,386. 
Dysentery, 23,121,186, 


EchidmYpnaca callinaceus, 295,298. 


Eczema, 28,29,50,236. 


Elephanviasis, 199. 

Elassoma zonatum, 253. 

Hl Dedab, 262, 

Enneacanthus gloriosus, 253. 

: obesus, 253, . 
Entomological requirements of Municipal 
sanitation, 357. 
5 work at Gamo Humphres, 

43. 


Entomophobia, 4, 11, 
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Ephemmridae, 368 
Epimys, 287,295. 
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Fat tapeworm, 136, 
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Fevers, onébariuét 28y- ay fave oy 34, 
¢ volh SVT, Caos 

Filaria, 291/871 ,375 


1 bancr Orca abe 2, 374,375,376, 
4546. S35, 
: cypseli, 277,286 


Wy ephoene ide. 


fn seotrumis, 
g if 


*z 
F baal ? = 
emarquayi, 200,376,384, 385, 
" diurna, 37 


Cum, 3BELZ87. 


S61 , 38S. 
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Filariidae, 199,290, 
Finches, malaria of 198. 
Fish as mosoutto control, 253, 
i day fever ,34°50, 
Flea ena Louse nvoblem at Camp Hum- 
Flaas, coitred SF i299, 
Flea larvas, 23%, 
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Flies anc Lice in Xaypt, Lecture No, 
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LES: 
" represcicn of, in barn yard, 
204. 


Flukes, 366, 
Fly baits, poisoned, 184, 
" breedinz, prevention of in chick- 
en houses and yards, 204, 
" control in pig lots and pens, 206. 
tt " work at Ft. Worth, Texas, 
ake! 
" larvae, or maggots, 
® paperge] 842 uavcots, 216; 
" prevention as Marine Camp, Quan- 
tico, Va., 93, 
" problem at Camp Lee, 165,166, 
Ne” SEraysiel sae 
“trans, 133. 
Folliculitis, 29,50 
Fontaria virginiana, 364.387, 
Food poisoning, 131,125, 
Fost and mouth disease, 321, 
Forficula auricvlaris, 364. 
Forcipomyia townsenda, 263. 
Mt utae, 263,278, 
Fowlé tapeworm, 136,137. 
Funnambulus peinatii (palm squirrel), 


216. 


Os 
Fundulus chrysotus, 253. 
" diaphanas, 253, 
" dispar, 253. 
n notatus, O53, 
" noti:;. 253, 
Fungi, 115,188, 286,257,285,342. 


Furunculosis, 29. 


-400— 


Gall sicimess of cattle, 262 

" . "horses 283, 
Gambian horse sickness, 260 

: Sleeping sickness, 260,281 
‘Gahbusia affinis, 253, 
Gangrene, 118, 
Garbage, 21,44,159,165,213. 
Gastro-intestinal myiesis, ll, 
Gastrophilus, 11, 724. 

au haemorrncidalis, 
309 


S26, 
* inte suid dis fe 

pein 
east 6, 326, bdo. 
Geotrypes douei, 369,371,383, 

2 stercorarins, 381,383. 

Gerbillus indicus. 37 
Giardia intestinalis (Lamblia), 132 
Girostipina, 378. 
Glomeris liubata, 365,287 
Glaucidium noctuae, 190,191. 
Bee ene, 190,191. 263,280, 281. 


gaia} 


brevipalpis, 259, 260, 261. 

Sea 

n fusca, 259,260. 

n ee 259,260,261. 

: longivennis, 259,260, 

4 paliidipes, 260. 

" morsitans, 259,260,261. 

266 6255.4 

" “palvalis, 259,260,261, 252. 
263,376 ,38l. 

SEW Fusvipesi, 260. 

" tachinoides, 259,260,261, 


262. 
Gongy1 onema, mucnonatum, 
necplasticum, 371,384. 
| 587.6 
a scutatum, 270,271,383, 
387 
Gonococeus, 50. 
Gonorrhoea, $1,51,116. 
Gordiacea, Z38l. — 
Gordius aque*icus, 382. 
_  chilensis, 382. 
Gorgodera cygnoides, 367,386. 
kee pagenstecheri, 367,386, 
587 
Wi varsoviensis, 367,386,387 


Grease traps, in relation to flies 452. 


182. 


370,383, 384. 


Green bottle flies, 173,319,320 

Gregarinida, 289, . 

fo nade fiea. 298, 

Grouse £2 ‘Vy. aon 

Grimop hiews S mopstis, cy BRC. 
sturmi, 369,371,383, 


Habroneme.,3ci.. 

" muscae, 137,372,373,585. 

" microstoma, 322,373. 
Hasmatobia, 357,280, 

“ exigua, 260, 

AE irritans, 205,256,282, 

sancuinugens, 282, 
Haematomyidiun, 278, 
Haematopinus 28,38. 

: eurysternus, 308 

" vituli, 309 
Haematopota, 260,280 

iy duttoni, 262, 

" italica, 263, 

= © perturbans, 259. 

Ww: tristis, 2057. 

tt i vandenbrandeni, 262 
Haematosiphog inodora, 348. 
dean Be are 263 

francae, 263. 


% sracilis, 34. 

" (Hepatozoon) funambuli, 

" 37 « 

" n gerbilli, 
Sve 


" iT] 
Taomogresarinidae, 263,289. 
Haemonroteasis, 258, 
Haomoproteadae, 208, 
Haemoproteasis, 25%. 


jaculi, 298, 


Haeroproteus columbae, 258,265. 


" danilewski, 190, 


" mansoni, 259} 
i noctuae, 190. 
a syrnii, 190. 


Halipegus ovocandatus, 368,387. 
Haplometra cyviindraces, 367,333, 
Heteranarie formosa, 253. 


_Helophilus pendulus, mots 


Hide beetles, 173,174, . 
Hippobosca, 223, 
by maculata, 262. 


~401- 


Hippoboscidae, 260,283 
Niss-Wérner diseases, 34, 
o¢ feeding trouch 
Homalomyia corvine, 1&3, 
ookworm, 138, 
Hopiopsyllus aronvalus, cub go Ube. 
Horn fly, 205,220, 2s2, 
Horse-hair worms, 
House fly, 146, 
How to improve far sanitation, 353. 
ih "i 't 355. 


28) 





ae 


ed. ¢ 


Sow i 


sory 
Laide ) 


Human ascariasis. 


Humidity, imporarce cf in exeri-« 
ments, £009 
Hutchison's masco% trap, 1@l, 


Hydppocanra nyspnacasa, 367, 3584, 
Hydrotaea meteorina, 


‘ 


Roe its 

Hyeranesthesia, 3.93 

Hyd@ronochelia, 10% 

Hycroplecia, 13. 

Hycropractic 

Hymenolepididse, 126, 28%, 

Hynenolepis,dimimivs., 220,363,364, 

385-362 f5 BGO, 006, ote 

356 

tt maua, 240.%63,364, 365 
366,24, 585, 386, 


Hyperthermalgesia, ih. 


ik él 
2OnG.e | Uris 


" ance tries 


Hypercryalzesia. 1 
Hypoderma, 337, 324 

" bovis. 322, 

: Linseatum, S22, 


Tlybius fulistrosus, 367 
Impetigo contagiosa, 23 


rae a 
an iropica,, 27. 
Important shases in vhe life history ~ 
OL tae nonbitine flies, Lecture 
No, 10,145 
Incinerators, for ES AIRE 4 BU yp enks 
a at racking houses, 175 
a 6 . 


Indian Kala azar, 3¥,51,191,345, 
Industrial sanitation, 35 
Infantile diarrhew, 118,121, 
Infective jaundice, 51, 88. 


Insanitery farm, 352 
Insects in ce1ation to packing houses 


re ‘ P- oa 


ELEN MUTT Ge NO. tals Vin ‘ 
Instruciticn ix sanitary méasures at 
Cements cur Va. 94, 


Lie. * Lea. i DG. 


Nawirie Cars 
Intestins. 
Ixodes ricinus, 


Th rm ot 
wis pote 


Jaculus gordoni. 289, 
n visntva.is, 289, 

Jaundice, infective, or opidemic, 
36 

Jerboa anenaa, 37. 

Jinja, 190 

Jchannseniclla, 278, 

Julus, so. 364, 


gh guttatus, 373,387, 


Kala azar, 200,288, 


Keratitis, 29,330,237. 
Killifisnes, 253. 


253, 
382,333, 


Labidesthes sicculus, 
Lachnosterna arcuate, 
Lazopus scoticus, 259, 
Laphygua fruciperda and climatic 
laws. 144, 

Latrines, 43. 
Laverania falciparum, 192.194. 

. maiariae, 192,194, 


Licithodendrium ascidia 384, 367,387, 


4 cailostomum, 367,386, 
Leiothinea, 356 
heishiania, 154,191,345, 
¥ drazlilensis, 191,262, 
" donovani, 37,51,191 
" infantun, 288 
" 


tronica, 133,191,268, 346. 
ZL " Wee oes 
Leishmaniasis, oral, 191,262 . 
Lepomis cyanellus, 263, 

" gibborus, : 
Leprosy, 8,30,51,1 
Leptomonas, 288, 
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Lep tomonas alceriense,.192,. 
oe. calliphoras, 132, 
of ctonoc&phali, 288, 
etenophthalmi, 238. 
ctonopsyxlae, 289, 
culicis, 192 
debreuili, 
homalcuriac, 
lineata’ 
luciiiae 
mesnili, 
minute. 
muscaé=-cdumesticae, 133. 
mattoni, 289, 
pnhiebotomi, 263. 
pyenosomae, 133, 
roubavdi, 133, 
sarcophagae, 133. 
Ginuliae, 2 63. 
susulata, 263, 
soudanénsis, 133. 
‘istrationyiae, 133. 
Petar bnidac: 152,191 262,288,345, 
Leptospira Ngterohactorrhagiae, 88. 
Leptossylla musculi,; 285 
Lepus. 287, 
Leucocytozoasis, of ‘the red “rouse, 
257 . 
Leucocytozoidas, 130,269, 
Leucotozoon Louratd, 253, 
n enilewskyi, 
Licw, biting, 309 
" bath onifits for, 80 
" control:measures, 239, | 
personal treatment for, 85. 
preceuiions for hospitals, 86. 


wot. 
132 


ARSE 


ry 
- 


Wi 


190. 


Linophilus rhombicus 367,386. 
Limosina punctipennis, 138,139, 
Lipep ve 


Lischia 
tf 


= 
293, 


i Bia gad 
histolvitéa, 132. 
body or clothing, 235. 
borne diseases, Supplement of 
Lecture No. 3, 50. 
borre diseases Supplement of 
Lecture No, 3, 37+ 
head, 235, 
parasites, 38. 
pubic or crab 235. 
Lower zone of inactivity, 99. 
Incilia, 132,133. 
" argyrocephala, 321. 
W cacsar, 112,116,117;119}° 120, 
121 ,122,123,125,319,320,321, 
S22 6 
Bax serenissima, 132,134, 
"  sericata, 154, 173;215/217, 219, 
224,519,320, 321, 3324 
silvarum, 154, 
tasmaniensis, 
Lynchia, 283. 
" brunea, 258. 
n maura, 258,263, 
Lyperosia, 260,262,280. 
o exigua, 262. 
" minuta, 260. 


AA 
Na 
CO 


Louse , 
wv 


tt 
" 


'! 
t 


S22. 


Macracanthorhynchus hirundinaceusy 
382 ,383, 


Walaria, 1 as 22 F] 00, 226 ° 


ravazes of,. 77. “ Aeterna 194, 
"  eattle, 308. Mt erie 198. 
" sucking, 308 " canary, 199 
¥ treatment of accovtrei.ents for, " crow, 198 
85 " walignant tertian, 194, 
" " of clothing for, 82. " partridge, 198. 
" for dugouts and trenches, " nigeon, 258, 
Srp uy cuaritan, 196 
4 " ‘in general, 78 " sparrow, 198 
" tt of quarters far, 85 s tertian, 197 
" vacuum fumigation for, 82. » " unknown spscies, 192. 
Limhophilus flavicornis, 367,386. Malassssia, 237. 
" griseus, 367,386. Mal de cadcras, 344. 
s, lunatus, 367,386, Mallophaca, 27,307. 


Mensonia, annulipes, 375,385, 





-Mertiithidae, 


Mansonia annulipes (rusivus}, 200 
; pseudotitilians, 2C0 
Mansonicides africanus, Lg? 
Me ie uniforms 6,1 S193 
oe | 27S 235, 
Manure disposal, £1,.45,159/167,180. 
Lai. or 
Mastigophora, 143,£58,259,2 
286,288,289, 343,345,346, 
Masti pen G ca ‘Urns , S31, 384, 
lobocaudatus, 381. 


Zi? 
Sat Le 


eb 


Mbori, 260,280. 


Measles, 136, 


e Bianoderma, ee moO. 
felolontha Vulvarss, 582,383. 


Meriones, 287, 
Meningitis, cerebrospinal, 30,237. 
Meningococcus, JO is 


rey 
2 Oy wd» 


Mesogonistius chaciodon, 
Metazoa; 1 Oo. meee 
Micrococcus flavus, 
. Leute 

Microneurum f-icola, 
Microtus, 285, 

Midges, 277, 
Mollicnisia 


200» 
kt 6s 
acomas; 116, 
117 


Mowbus errorrvm, G75). 2a6.. 
Mosquitoes, 227-223, 2é0- 
o controiL, Lecture No, 18, 
c 49 
i " at Camp Rumphreys, 
Gh, 
a aie SL “Lee, 168. 
" NE Sees Repth tas, 
Ay 
" ft s Onantico, Va; ; 
89, 7 
" protection cf dwellings 
SuUs 


Moniliformis moniiliformis, 382, 


men 


pV fe 
eat 134, 
Mus, 65,287. 
“4 rag alu 3G Loe, 
Ga, Ll, ise, Behe 
onve 


281.2 


xifrons, 


403 


from, 


Neocutereora sjcuriosa, 


Musca ccrvina, 281, 
n domes tica,212,114,115,116, 10% 
: BE Pati ee 120,121, 122,131) des 
"G4, 1450137 198,139, 215,217. 
2h nc 2ewec, 321,339, 365,385. 
W eitsork Cah, ; 
NH nevalo, 243,134,138. 
Wh nieri therax, 25h 
" ee be! es 


Muscidae, 2£9, 


Muscina, 339. St. 
: assimilis, 173. 
‘ atabuiens, 255,173,215,41 merce 


Lravels 
Mustela Paine Ons 
Myctero%typhus tezzil, 278, 
Ms ' irritans, 278, 
Al 


Mydosea anomala, G24, 
Mydaea torquens 324. 


: vonituerationis 327, 
Myiasis, 7, li. 
uJ its prevention and treatment 


No. 27,335. 


Lecinwe 


" Types of injury and Life History 


Lecture, No, OL ts 


dermal ’ boos 


26, 


" intestinal and urogenital, 325. 


Myoxus, 286.287. 


Mystacides aigva, 367,386, 
Myxococci addin m etecomyiae, 188 - 
Myxosporidia, 125 


Myzomyia rosst,. 375,385. 
2 superpicta, 348,385. 
Myzorhynchus barbairostris, 375, 385. 
" | paarsaani Atia, 475, 385, 
i pseriopictus, 378,385, 
n sinensis, 375,385 


Nagana, 199,259. 
Necator amer:. 138. 
Nemathelminthes, 137,199,290. 
Newatoda, 127,199,2690,458, 


3256 


320) 


ac 
é MLS 4 


1,343. 


Neosporidie., 125. 
Yeuroctena aniiis. 
Nigerian sleeping 
Nigua, 1305, 306, 


133, 


sickness, 261, 


Nitidula bipustulata, 12, 

Nochelic subzone, 103 

North African Relapsing fever, 34. 
346. 

Nosena @px8 135, 


Nosemidae, 135, 


Notemizonus-crysoleuses, 253. 
Notidobia ciliaris, 467,386. 
Nycteribiidae, 283, 
Octosporea monospora, 135. 


Oedemazena tarandi, 324, 
Oestridae, 318. 
Oestrus,ll, 

B oVi8,°S17..529. 
Oilins for mosquito control 252, 
Olethric zone, 103 
Olizgoneuria rhenana, 381,387. 
Oncocerza, 281, 

: gibsoni, 281 
dienalis, 281, 
volvulus, dAgl. 
Mitts ifroratus, 3'71,383. 


A] 
" 


Onthophagus, 370,271,383. 
n bedeL aes aL, O83. 
“4 hecate, 37). BBS, 
1 hebuloeis, 371,383. 


, Boursylvanicus, 370,383. 
Pohthalmia, §&. 
Ophura nigra, 322, 
Ophyra, 173, 
Optimum temperature, 101. 
Opisthioglyphe rastellus, 367,386, 
: , DOr 4 
Oriental sore, 124,191,346. 
Ortithodoros moubate, 9,376,379. 
587, 
Ornithomyia, 282} 
“. lagopodis, 259, 
Oscinus pallipes, 135, 
Otomyiasis, ll. 
Oxuridae, 138. 
Oxeris curvula, 128. 
" vermicularis, 138. 
Ox warbles, 3338, 


~404.. 


Palm squirrel anemia, 37, 
Pangonia, 260, 


Panopiit¢s, 379,385, 

Papayaci fever, 23,257,297. 

b " fites. 279. 

Perea odsc pustulosus, 382. 
We iolusanus, 3382. 
. violaceus, 382. 

Parazordius tricuspidatus, 382, 
. varius, 382. 


Paralysis, 6, ll. 

v infantile, 258. 
Paraplasra flavizenum 188,189. 
Paratyphoid, "B" fever, 123, 
Passer domesticus, 192. 
Passeromyia heterochaeta, 380. 
Pediculosis, 235. 

2 capitis, 27,51,58. 

Wu corporis, 27,51. 
Pediculus, capitis (see P, humanus 

hurams). 

Ht conso>brinus, 58, 


4 corpoztis, (see P. hunanus 
corporis). 
humanus capitis, 27,33,35, 
38, 51,58, 65,235. 
ff humanus corporis (vesti- 


menti) 27,34,35, 36,48, 58, 
66, 68,235. 
Pellagra, 31,51,258,281, 
Periplaneta axericana, 371,381,322 
OU fe 
" orientalis, 369,370,371, 
378. 
Pharyncobolus africanus, 382. 
Philaenatomyvia, 280 
4 cressirostris, 260. 
i insignis, 281. 
Philaeiratomyinae, 381. 
Phlebotoums, fever, 257. 
" minutus, 265,279. 
" winmutus. africanus, 262. 
" papatasii, 257,279. 
" verrucarum, 257,279. 


Phlyctenular conjunctivitis, 51. 
" keratitis, 52. 
Phorids, 340, 


Phormia regina, 154,173,216, 319,320. 





- 


Phryzanea crandis, 367,386. 
Pothiriasis; “2's; 0c, coos 
Phthirus pubis, 327,52;/58,235. 
Phyacophila nubila, 356, 
Phyllostomms, 190, 
Physocephalus seralatus, 
ZBL, 803.334 
Pieris brassicae, i2, 
rin itch, lous 
Piophila casei, 173, 
Pityriasis, 28,°70,52,237, 
Plague, 22, 29,30, 02,236, ool ecd, 
Planorbis exustus, 199, 
Plant or zanisms carried by nonbiting 
TALLGS pe 


371,372, 


Plasmodidae, 192. 
Plasmodiun, 1922034 


It denilewskyi, 198." 
" ee Loe 
" malariae, 192,196. 
a relictum, i99, 

" vives, Os 


4 
Platyhelmia, 136,19%, 
ri ice DpolLonicak, roOwlc. 
Pleurogenes caavisor, 367, 


" "ometiaus, 367,368, 384,387, 
Pneumococcus, 0. 
" septicaemia, 29, 


Pneumocoeces similis, 668,387, 
Pogonotiyrrex bavvatus, ll, 
Poliomyelitis, S1,52,258,281 
Pollenia rudis, 133,2e7, 

. " villosa, 
Polywastigidae, 132, 
Polywastigina, 132, 
Polyplax,spinulosus, 36,37, 
" “stephensi, 37, 
Porcellio, laevis, 383,387, 
Porrigo, 5 uae 


rmeyry 
ace * 


Practicotatum, 191. 
Protection oe tf insects in pack~ 
ing houses, L774 
Protocalliphora, 717, 
i azurea, 330 
f" soridia, 330 


Prosotocus confusus, 
Protor.cnadina, 122, 
Protospirura muris, 290,368m369,371, 

581,384, 386. 
Prurigo senilis, 28,52,236. 


357,368, 384, 387, 


~405- 


Prowazekxi, 132, 
Pseudopyre.lia cornicina, 206. 
Psorophora say, 257. 
Psoropten, al. 


on iLrad WS 


Psyshodisas, 2°. 


Pulex brasiiicusis, 287. 
m drriters, 235,287,288, S83jece 
23!;.297,363, 364, 3804385, 


Pupipara, 2uJ. 
Purulent ons taaimia, 136, 
Pustular cermicitis 


Pycnosoma bevz.ana, 3el, 
" chlorcoyca, 323, 
ft flaviceps, 321, 
i" warginale, 322, 
" meracephala, 321. 
a putorvium, 133,321, 
f varipes, 322, 


Pygiopsylla ahalae, 285,298, 
Pyogepic infection, 29. 
Pyosis,mansoni, 28,53. 
Pyretophorus costaéis, 375,385, 


Rat trypanosomiasis, 37. 
Reduviidac, 347, 
Relapsing fever, 22,25,36,52, 
Relation of insects to the parasitic 
worms of vertebrates, Lecture No, 
31, 360, 
Report of fly breedinz in and around 
Washineton, 161. G 
4 on Caum Inmphrevs, Va., 42, 
" : fi i Les y 165, 
" " " Meade, Maryland, 46, 
" " Edeewood ATsenak, Edzsewood, 
Maryland, 159, 


" " Marine Camm at Quantico, Va., 


Jure 19, 1918, 89, 

"Rest necessurs" zone, 109, 
Rhicanesthesta, 99. ! 
Rhigonochalia, 98,99, 
Reigoplegia, 9. 
Rhinoestru: hippopotami, 329, 

i: TVLYpureus, 329,341, 
Rhinocephaius sunguinens 379,380, 387, 

" Siculus, 380, 
Rhodnius prolixus, 343, 344, 
Rhyacophila nubila, 387, 


4 
7 


“Sl Semi fever, 


’ 


Rhynchoidomonas luciliae, 134, 

aiokettsia pedicubi, 34,236. 
prowaze Ki 22, 88, 

Shae Mountain Spotted aca 


+ , Le ry 
Rodent plague, 126.283.358. 


Sasittaria, 268. 

Sand flies, 2, 78. 

paue ery grades for stores :.t ‘Quan 

tico, Vae, 93. 

orivies at FL, Worth, Tex,, 
Be, 

problems,of cities, 356, 

Sarcina auranitiata, 117. 

Sarcodina, 131 z 

‘Sercophaca, 12,15 


Ww 


\ 
" 


4,319, 
-: -carnaria, 112-1°.7,119,120 
Os Vel 22 ,123,124,125,175, 
. Seal 
° acmorrnoidalis, 133,521. 


re 
ace 


lambens 320 


Sealy + j pty 
kux 1S i Te a 


orizrons, 3224 
" ~yophila. 320. 
e regularia, G21 
tt robusta, 155, 
“ Pola corms, Gel 
a Sarraceniae, 132. 
n sarracenioides, 155 
" tuperosa, 154 
i texana, 154, 
" vOut NAG.) 116, ‘ 
Sarcophagidae, 205,2316,217,220, 221, 
318, 325. 


Sarcoptes, ll. 
Scabies, 22. 
Seald head, 52, 
Scatophaca lutaria, 133, 
Scarabacus saceor, 2699371,372, 384, 
" vyariolosus, 369,371,384, 
136. 
Scémans striatus, 564,384, 
Mest ocr mansoni, 137, 
Schistosomidae, 137. 
Schistonmiasis, 137, 
Schizomrycetes, 115,256,285, 


Scholeciasis, 12. 

ae ag Pat OU 

Sarsenine for flies, 183. 

Ser ew WOOT, LPS cok he eo 

Secieuariae alnolineata, 200,375,386. 


Setaria labiaio-panillosa, 380,381,385. 
Septicaemia, oO ,116,130,257,281, 
Sewage disposal at Camp hee, 167, 
168,169. 
vant 
367,386. 


Sheep macsots, 
Sialis lutarie, 
Simuliidae, 278, 
Simulium, 258,278. 
" Sol uabsercnee) 263. 
Siphunculata, 27,207. 
Skipper fly,173,174. 
sleeping sickns 343 - 
sh a Gambian, 191. 
" | "  rvhodesian, 191. 
Small pox, 31,52,136, 
Sod heating houses for delousing, 
20 
Souma, 259,280,231. 
Souring of milk, 122, 
Spilopsyllus leporis, 287, 
Spirillaceae, 127, 
spirillum, (Vibrio) cholerae, 127. 
Spirocerca sanguinolenta, 369,370. 
$72, 383,384,387, 
Spirochaetacea, 135,199,263, 289. 
346. 
Spirochaeta vallica, 38,236. . 
Spirochaetidae, 135,199,263,289, 346. 
SBF pmo bet 525 
berbera, 22,236,346, 
carteri, 22,34,236, 
i ctenocephali, 289, 
w culicis, 199. 
" duttoni, 12,36,236,. 


SS; 


" 345. 
" exantheratotyphi, 32, 
" slossinae, 253, 


zt icterohaemorrhagiase, 
= Leptospira, 36, 
Spiroptera obtusa, 369. 
Spirura castrophila, 36° ,370,383,387. 
Soiruridac, 137,290. 
Squirrel fleas, 298. 





stable flies, 341, 
Staphylococcus, oo 
ogones,116, 
Mt albus, 257. 
aureus, 28, 
L16,257, 
Sitreney (L177. 


' p y 
if . W 


" ' 


Stegonyia calopus, 375, $76,578, 3579% 
GOO» 
: gracilis, 275,385, 
" ingeme (ols 


Stomoxydinae, 2c}, 

tockyards as fly breeding placés, 
V8 G 

Stomach worm of bor 

Saat SA 206,280,275, 


Calcitracs; 215,217, 228,222, 
een. ec0p,eur soon 5259,260, 
261, 262,281,373 380, 385, 

i pont eis. a8) 260, 

‘ glauca, 259, 


nigsa, £59,260,261,262, 
Stratioryia, chameleon, 133, 

MY . poberrida, 133, 
Strix flammea, 150 
Streptococcus, 30,257, 


" equsnnes 215; 

ss Cécsrie 116; 

" pytzganeve, 116, 

0 salivarius, 116 
streblidae, 285, 


Summer diarrhea, 122,125, 
Subtertian malaria, 194. 
Suppuration, 116. 

Surra, 134,190,260,280,281, 
Swamp fever, 257, 

Syrphids, 540, 

Syrphus, 339 


Tabanidas, 190,191,260, 262,280. 
Tabanus, 257, 250,262, 
Ta " atrabuas, 257,260,271, 


H bigguttatus, 259,260, 
H " bovinns, 356. 

" chrysurus, 257, 

" coecuvisns, S56, 


" Corax, 268,269. 


‘Tetanus,. 
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Tabanus ditueniatus, 26 
. funifer, 260, 
it Wi jenessy 2 be4 
Me kinediyos67 peooyeras 


" La¢gigeathaimus, 271 eee 
" Lineoisa. (2506 
8 LuUricus, 156. 
; minizus, 260 
" par; 267, 2ooness. 


oY 
t.° « partitus, 260) 
rt) a RIES, 267 ,268,269,270, O71, 


fo 72,273, 
° pluvietilie 206i 
a punctifer, 267,268%269, 270, 
0 + ip Rl E CGA eres 
x rufidens, 258, ; 
u striatus, 256,260,262, 268, 269, 
270,271,272, 393. 
* stygius. £68, 27. 2,273, 
n taenietns, 259,260. 
Ly taénicla, 268, 
" tergestius. 263, 
" rigeminus, 258. 
a: trigonus, 257, 
" tropicus, 260. 
Hy vagus, 260, 
a vivax, 270, 


Taenia sacinata, 136,350,364. 

Taeniidae, 135,229. 

Taeniorhynchus domesticus, 200, 375, 

" O85 3 
" fuscopennatus, 279. 

SED. 

Tahaga, 262, 

Tapeworms, 289,290,294, 362. 

Tarbagah (growie hoz), 298. 

Teichomyza fusca, 133, 

Telosporidia, 265,239. 

Tenebrio moiitor, 364.369,371, 
321,384, 


Tersesthes torrens, 277. 


Thallophyta, 115.133, 256, 207,20. 349, 
The bio.0gs ee lice in its relaeian 
to con’ rol measures. Lecture 
Ne. & G4 
" contro. of fleas, Lecture No. 24, 
ees 
H : "lice, Lecture No. 6, 


76a 4 
" insanitary town, 254, 
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The life history of the human louse. Peer equinum, 344 


Lecture No. 4, 57. 
Thelohania ovata, 135. 
Thelohanidae, 135. 
Thermalgesie, 19°l, 
Thermanastasis. 99 
Thermesthesia, 101,292 
Thermohyperesvhesia, LOl. 
Thermonochelia, 101 
Thermophobia, 101. 
Thermoplegia, 102 
Thermopnigia, 102 
Thermopolypnea, i01. ; 
Thermopractic zons, 100,101,103 
Thermotaxis, iOl. 
Thermotropism.102 ; 
Thorn-headed worms, 382, 

Top minnows, 256: 

Trachoma, 125. 

Treatment of ted bug bites, 349. 
Trematoda, 199,366. 

Rn kalacotylea, 137. 
Trench fever, 8, 12.22,33,76a,236. 
Treponema pebtenns, 155. 
Triatoma, 344,347. 


F chagasi, 343. 
" geniculata, 543 
" infestans, 344. 
it megistus, 243,347,348. 
: rubrofasciatus, 347,348. 
8 sangvisuga, 1348, 
" sordida, 343. 
Tit 


Trichodectes, (canis, 38,363,386, 
scalaris, 309 

. ee 138, 

Trichuris trichonra, 138 

Trombidium irritans, ll. 

Tropicai African relapsing fever, 


346. 
ti ‘impetigo, 28,40,53, 
u Leishmanisass, ae 
" SOi'e » Oo, ek): 


True biting flies, 28l. 


Trypanosoma sp. 190,259- 
annemense, 259. 


be bianchardi, 286,287, 
: brucei, 190,259. 

: caprac, 259. 

4 cazalboui, 

¢ congolense, 260 


“4 cruzi, 343,344, 
n —- duttoni, 286,344. 


ewuiperdum, "260. 
" evansi, 134,190,260. 
" i mborii, 260. 
anki F 260 ry 
jijnerum, 260. 


ny zarbienss, 191,260,266. 
¥ grayd, 261 ¢ 

" ; hip oicun, 154, 

a lewisi. 37,2 286,287,293, 
" Z44 , 

n nabdiasi, 286,287, 

x nigeriense, 26l. 

n nectuae, 191 

e pecaudi, 2él, 

n pecorum, 261. 

" ' rabinowitschi, 287. 

" ‘rhodesiense, 191,261, 

" simiae, 262 

" soudanense, 262. 
theileri, 262. 

n tullochi, 262. 

Ma uniforme, 262. 

" vespertilionis, 345, 

" vivax, 262. 

" zgiemanni, 191. 


. Trypanosomiasis, African goat, 209. 
" bovine and ovina, 262, 


camel, 260, 

" cattle, 262. 

n evocodile, 261. 
nt equine, 259. 
rats, 344, 


simian, 262, 
wild animal, 2 

Trypanoscmidae, 134,190,259,286. 

Tsstse flies, 233. 

Tuberculosis, 125, 

Tumble fly, 324. 

Turkey flies, 278. 

Typhoid fever, 25, 00,53,126,237, 

Typhus fever, 22,341,535, 76a,246. 


Ulcers, 191 
Upper zone of inactivity, 102. 
n " " fatal temperatures, 102 
UWrrticaria, 28, 53,235. 
Uta, 262. 
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Vacuum tubes for delousing 200 Xenopsylia cheopis, 285,286,287,289, 
Vagabond's disease, 27,51,236, eg. 295,297,664, 569,386. 
Vaginomyiasis, ll, " clerratrae, 288,289, 
Variola, 52, . soyulifer, 295, 298% 
"Ver du cayor", ee Xeronochei ts, 12 
Verruga Peruvian, 269,279 Xeranesthes.e, iCe2 
Volhynian fever, 34,53, 
Vulpes vulpes athartica, 369,370 
WaYews}ctes, 
ihe Yeilow fever, 22,188,200,226. 
Waste disposal at.Marine Camp, 
 Quantico,.Va,, 92, 
Weiltfs disease, .88 
What we show.d know about mosquito Zambtan soume, 259. 
biology, Lecture No, 16, 226, ' Zero of effective temperature, 99 
Whip worm, 128, Zousfana, 262, 


Wohlfahrtia magzifica, 320,321. 


This concludes the series of Tectures, They are all now being re- 
vised for publicatiea in back form, with the. domestiz and municipal view- 
point, rather than that of the army. Several new lectures not distributed 
in mimeograph form haves been added, 

I wisi to thorik the many.persons who have taken the course (about 
600) for the enshusiasm they have shown. The resvi.te have been very grat- 
ifying and fer in excess of all expectations. I wish especially to thank 
my colloboraters. 


We will soon have all missing numbers run off and sent to those whose 
Sets are incunmpicte avcordaing to our own records, If in a reasonable tims 
you do not recaige there missing numbers kindly write and they will be sent 
you, There will be a number of extra sets avaizanie fcr other persons in- 
terested, 


W. Dwight Pierce, 
Class Leader, 
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